SECOND DECLARATION OF PAUL POLAKIS, Ph.D. 

I, Paul Polakis, Ph.D., declare and say as follows: 

I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. 

Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research 
project with a primary focus on identifying tumor cell markers that find use 
as targets for both the diagnosis and treatment of cancer in humans. 

As I stated in my previous Declaration dated May 7, 2004 (attached as 
Exhibit A), my laboratory has been employing a variety of techniques, 
including microarray analysis, to identify genes which are differentially 
expressed in human tumor tissue relative to normal human tissue. The 
primary purpose of this research is to identify proteins that are abundantly 
expressed on certain human tumor tissue(s) and that are either (i) not 
expressed, or (ii) expressed at detectably lower levels, on normal tissue(s). 

In the course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor tissue 
at significantly higher levels than in normal human tissue. To date, we 
have successfully generated antibodies that bind to 31 of the tumor antigen 
proteins expressed from these differentially expressed gene transcripts and 
have used these antibodies to quantitatively determine the level of 
production of these tumor antigen proteins in both human tumor tissue and 
normal tissue. We have then quantitatively compared the levels of mRNA 
and protein in both the tumor and normal tissues analyzed. The results of 
these analyses are attached herewith as Exhibit B. In Exhibit B, ' V means 
that the mRNA or protein was detectably overexpressed in the tumor tissue 
relative to normal tissue and "-" means that no detectable overexpression 
was observed in the tumor tissue relative to normal tissue. 

As shown in Exhibit B, of the 31 genes identified as being detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the mRNA level, 28 of them (i.e., greater than 90%) are also detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the protein level. As such, in the cases where we have been able to 
quantitatively measure both (i) mRNA and (ii) protein levels in both (i) 
tumor tissue and (ii) normal tissue, we have observed that in the vast 
majority of cases, there is a very strong correlation between increases in 
mRNA expression and increases in die level of protein encoded by that 
mRNA. 



6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4-5 above andmy 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor 
tissue relative to a normal tissue more often than not correlates to a similar 
increase in abundance of the encoded protein in the tumor tissue relative to 
the normal tissue. In fact, it remains a generally accepted working 
assumption in molecular biology that increased mRNA levels are more 
often than not predictive of elevated levels of the encoded protein. In fact, 
an entire industry focusing on the research and development of therapeutic 
antibodies to treat a variety of human diseases, such as cancer, operates on 
this working assumption. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be 
true, and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 



Dated:. 





Paul Polakis, Ph.D. 
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EXHIBIT A 



DECLARATION OF PAUL POLAKJS, PhX>. 
L Paul Pofalcis, Ph.D., declare and say as follows: 

1. I was awarded a PhD. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins' 4 . When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely usefiil for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and conresponding normal cells. We 
ha ve then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accuro ulated in more than 20 years of 
research, including thedata discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are'predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. . " ■ 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both 
under Sect.on 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. . 



X^:J/t^I By: 'fyt/tMfi. 

Paul Polakis, Ph.D. 
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ABSTRACT 

Genetic changes underlie tumor progression and may lead to cancer- 
specific expression of critical genes. Over 1100 publications have de- 
scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations in cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA microarrays in breast cancer and directly compared copy number ^ 
and mRNA expression levels of 13,824 genes to quantitate the impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 independent amplkpns, ranging In size from 0.2 to U 
Mb. Throughout the genome, both high- and low-level copy number 
changes had a substantial impact on gene expression, with 44% of the 
highly amplified genes showing overexprcssion and 10.5% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplification. These 
included roost previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, including the HOXB7 gene, 
the presence of which in a novel amplicon at 17q21 3 was validated in 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpresslon is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limited. 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7, 8), in breast cancer and 
other solid rumors. Besides amplifications of known oncogenes, over 
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Fig. I. impact of gene copy number on global gene expression levels ^P^^ageo f 
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Threshold values used for over- and undcrcxpression were >2.184 (global upper 7% oi 
J^ArS and <0.4826 (global lower 7% of the ,«P^£*Jd 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were > 1,5 and <0.7. 



20 recurrent regions of DNA amplification have been mapped^ in 
breast cancer by CGH 5 (9, 10). However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 

unknown. ' 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the malignant phenotype 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 



* The abbreviations used are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR, reverse transcnption-PCR- 
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sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

Breast Cancer Cell Uries. Fourteen breast cancer cell lines (BT-20, BT- 
474, HCC1428, Hs578t, MCF7, MDA-361, MDA-436, MDA-453, MDA-468, 
SKBR-3, T-47D, UACC812, ZR-75-1. and ZR-75-30) were obtained ftom the 
American Type Culture Collection (Manassas, VA), Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Mlcroarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (11-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known 
genes. CGH experiments on cDNA microarrays were done as described (14, 
15). Briefly, 20 ,xg of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with Ah\ and Rsa\ (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phenol/chloroform extraction. Six 
of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with Cy5-dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, Inc.). Hybridization (1 4, 15) and 
posthybridization washes (13) were done as described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla,' CA) was used in all experiments. Forty jig.of reference RNA were 
labeled with Cy3-dUTP and 3.5 *ig of test mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (i.e., copy number data with mean reference 
intensity <100 fluorescent units, and expression data with both test and 
reference intensity <100 fluorescent units and/or with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define cutpoints for increased/ 
decreased copy number. Genes with CGH ratio >1.43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0.73 (representing the lower 5%) were considered to be 
deleted. ^ 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
the influence of copy number alterations on gene expression, we applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, > 1.43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signal-to-noise 
statistics (1). We calculated a weight, for each gene as follows: 

m,, - mgo 
W * ff s i + 

where m,,. <r gl and oy, denote the means and SDs for the expression 
levels for amplified and nonamplified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cDNA Clones and Amplicon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 141. 6 A database of genomic sequence alignment informauon 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldenPath database. 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these data 
sets. Amplicons were defined as a CGH copy number ratio >2.0 in at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 



internet address: http://rcscarch.nhgr^^ 
7 Internet address: www.gcnome.ucsc.edu. 
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Table I Summary cf independent amplicons in 14 breast cancer cell lines by 
. CGH microarray - 



Location 



lp!3 
Iq21 
lq22 
3pl4 

7pl2.I-7plU 

7q3t 

7q32 

8q21.ll-8q2U3 
8q2l.3 

8q233-«q24.14 

8q24.22 

9pl3 

I3q22-q31 

16q22 

!7qil 

!7qU-q21.2 

J7q21.32-q2l.33 

Hq22-<i23-3 

I7q23.3-q24,3 

!9qU 

20qll.22 

20ql3.J2 

20ql3.12Mjl3.I3 

20ql3.2Hil3.32 



Stmt (Mb) 



13179 
173.92 
179.28 
71.94 
55.62 
125.73 
140.01 
86.45 
98.45 
129.88 
151.21 
38.65 
77.15 
86.70 
29.30 
39.79 
52.47 
63.81 
69.93 
40.63 
34.59 
44.00 
46.45 
51.32 



End (Mb) 



132.94 
177.25 
179.57 
74.66 
60.95 
130.96 
140.68 
92.46 
103.05 
142.15 
15Z16 
39.25 
8138 
87.62 
30.85 
42.80 
55.80 
69.70 
74.99 
41.40 
35.85 
45.62 
49.43 
59.12 



Size (Mb) 



0.2 
33 
0.3 
2.7 
5.3 
5.2 
0.7 
6.0 
4.6 
123 
1.0 
0.6 
4.2 
0.9 
1.6 
3.0 
33 
5.9 
5.1 
0.8 
1.3 
1.6 
3.0 
7.8 



CGH were validated, with lq21, 17ql2-q21.2, 17q22-q23, 20ql3.1, 
and 20ql3.2 regions being most commonly amplified. Furthermore, 
the boundaries of these amplicons were precisely delineated. In ad- 
dition,, novel amplicons were identified at 9pl3 (38.65-39.25 Mb), 
and 17q213 (52.47-55.80 Mb). 

Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpTessed and amplified 
gene at 7pl l-pl2 (Fig. 3/4). In BT-474, the two known amplicons 
at 17ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 35). In addition, several genes, including the 
homeobox genes HOXB2 and HOXB7, were highly amplified in a 
previously undescribed independent amplicon at 17q21.3. HOXB7 
was systematicallyamplifled (as validated by FISH, Fig. 3U. inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furthermore, this novel 



a 



3 
5 



7i 



extended to include neighboring nonampliHed clones (ratio, <l.5), The am- 
plicon size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell line* was done as 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- 
beled with SpectrumOrange (Vysis, Downers Grove, IL), and Spcctrum- 
Orange-labcled probe for EGFR was obtained from Vysis. SpectrumGreen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin- fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
(1 8) The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test. , 

RT-PCR. The HOXB7 expression level was determined relative to 
GAPDH Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promega Corp. Madison. Wi) with 10 ng .of mRNA 
as a template. HOXB7 primers were 5 '-G AGC AG AGGG ACTCGG ACTT-3 
and 5'-GCGTCAGGTAGCGATTGTAG*3'. 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (i.e., belonged to 
(he global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 
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Fig. 4. List of 50 gene* with a statistically 
significant correlation (a value <0.05) between 
gene copy number and gene expression. Name, 
chromosomal location* and the a value for each 
gene are indicated. The genes have been ordered 
according to their position in the genome. The color 
maps on the right illustrate the copy number and 
expression ratio patterns in the 14 cell lines. The 
key to the color code is shown at the bottom of the 
graph. Gray squares, missing values. The complete 
list of 270 genes is shown in supplemental Fig. B. 
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amplification was validated to be present in 10,2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients (P = 0.001). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of all genes as a function of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, 151 
(84%) are implicated in apoptosis, cell proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >1000 publications applying CGH 9 (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 



* Internet address: hHp-7Aww.geneontology.org/. 



9 Internet address: hitp^/www.Dcbi.nlro.nih.gov/efttrez. 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns, in 
cancer may be equally important if not more important than that of 
hiah-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many, genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). 

The CGH microarray analysis identified 24 independent breast 
cancer amplicons. We defined the precise boundaries far mmy am- 
plicons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the homeobox gene region at 17q21.3 and led to the over- 
expression of th*HOXB7 and HOXB2 genes. The homeodomain 
transcription factors are known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
tumorigenicity and angiogenesis in breast canc«r (29-32). The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 

of the patients. ., . ^ 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes on the array), including not only 
previously described amplified genes, such as HER-i, Mi<~, 
EGFR, ribosomal protein s6 kinase, uAAIB3, but also numerous 
novel genes such as NRAS-related gene (tpl3), syndecan-2 (8q22), 
and bone monogenic protein (20ql3.1), whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270 genes have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis. cell prolifer- 
ation signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12 000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
. prominent global influence of copy number changes on gene 
expression levels; (6) a high-resolution map of 24 "dependent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes the overexpression of which was statistically attributable to 
gene 'amplification. Characterization of a novel amphcon at 
17q213 implicated amplification and overexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



between HOXB7 amplification and poor patient prognosis. Overall, 
our results illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development. 
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Contributed by Patrick O. Brown. August 6, 2002 

Genomic DNA copy number alterations are key genetic events in 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGH) analysis of DNA copy number variation in 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6,691 mapped human genes, in 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer cell lines. White the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundaries and 
the quantitative analysis of amplkon shape provide significant 
improvement in the localization of candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree to which variation in gene copy number contributes to 
variation in gene expression in tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that DNA copy number influences gene ex- 
pression across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a 2-fold change in DNA copy number is associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of all the variation in gene expression among the breast 
tumors Is directly attributable to underlying variation in gene copy 
number. These findings provide evidence that widespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the identifi- 
cation of a number of recurrent regions of DNA copy number 
alteration in breast cancer cell lines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[e.g., FGFR1 (8pll), MYC (8q24), CCND1 (Hql3), ERBB2 
(17ql2), and 2NF217 (20ql3)j and tumor suppressor genes 
[RBI (13ql4) and TP53 (17pl3)], the relevant gene(s) within 
other regions (e.g., gain of lq, 8q22, and 17q22-24, and loss of 
8p) remain to be identified. A high-resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays, we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Cell Lines. Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcino- 
mas, with more than 50% being lymph node positive. The 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site, www.pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by ethanol precipitation. 

DNA Labeling and Microarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentially as described 
in Pollack et aL (7), with slight modifications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly, 4 Tesf DNA 
(from tumors and cell lines) was fluorescentry labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (i.e., UniGene clusters). The 
"reference" (labeled with Cy3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePix scanner (Axon Instruments, Foster City, CA), and 
fluorescence ratios (test/reference) calculated using scanalyze 
software (available at http://rana.lbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Altered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearest neighbors). 
Map positions for arrayed human cDNAs were assigned by 
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Fig. 1. Genome-widemeasurementofDNAcopynumberah^^ 

number* of X chromosomes, for breast cancer cell lines, and for breast tumors. Each row represents a different cell line or tumor, and each column represents 
one of 6.691 different mapped human genes present on the microarray, ordered by genome map position from 1 pterthrough Xqter. Moving average (symmetric 
5-nearest neighbors) fluorescence ratios (test/reference) are depicted using a logj-based pseudocolor scale (Indicated), such that red luminescence reflects 
fold-amplification, green luminescence reflects fold-deletion, and black indicates no change (gray Indicates poorly measured data). (6) Enlarged view of DNA 
copy number profiles across the X chromosome; shown for cell lines containing different numbers of X chromosomes. 



identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGene 
cluster (10) against the "Golden Path" genome assembly 
(http://genome.ucsc.edu/; Oct 7, 2000 Freeze). For UniGene 
clusters represented by multiple arrayed elements, mean fluo- 
rescence ratios (for all elements representing the same UniGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are "mean-centered" (i.e^ reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced, 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g., 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. 16), as we did before 
(7), demonstrated the sensitivity of our method to detect single- 
copy loss (45, XO), and 1.5- (47.XXX), 2- (48,XXXX), or 
2.5-fold (49,XXXXX) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web site). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig. la), detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable. For example, gains within Iq, 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cell lines/tumors 
(90%/69%, 100%/47%, 100%/60%, and 90%/44%, respective- 
ly), as were losses within lp, 3p, 8p, and 13q (80%/24%, 
80%/22%, 80%/22%, and 70%/18%, respectively), consistent 
with published cytogenetic studies (refs. 2-4; a complete listing 
of gains/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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Fig. 2. ONA copy number alteration across chromosome B by array CGH. (a) ON A copy number profiles are Illustrated for cell lines containing different numbers 
of X chromosomes, for breast cancer cell lines, and for breast tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering to 
highlight recurrent copy number changes. The 241 genes present on the microarrays and mapping to chromosome 8 are ordered by position along the 
chromosome. Fluorescence ratios (test/reference) are depicted by a log a pseudocolor scale (indicated). Selected genes are Indicated with color^oded text (red. 
Increased; green, decreased; black, no change; gray, not well measured) to reflect correspondingly altered mRNA levels (observed in the majority of the subset 
of samples displaying the DNA copy number change). The map positions for genes of interest that are not represented on the miooarrey are indicated In the 
row above those genes represented on the array, (b) Graphical display of DNA copy number profile for breast cancer ceil line SKBR3. Fluorescence ratios 
(tumor/normal) are plotted on a log* scale for chromosome 8 genes, ordered along the chromosome. 



number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P - 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P » 0.04), and harboring TP53 mutations (P - 
0.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web site). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
unchaxacterized oncogene (Fig. 2a). The complexity of amplicon 
structure is most easily appreciated in the breast cancer cell line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 



boundaries of the interval recurrently amplified in the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7 f which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel by using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident in an examination of the pseudocolor representations 
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fig, 3. Concordance between DNA copy number and gene expression across chromosome 17. DNA copy number alteration iUppet) and mRNA levets (Lower) 
are Illustrated for breast cancer cell lines and tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering (Upper), and the 
identical sample order Is maintained (tower). The 354 genes present on the microarrays and mapping to chromosome 17. and for whfch both DNA copy number 
and mRNA levels were determined, are ordered by position along the chromosome; selected genes are indicated In color-coded text (see Fig. 2 legend). 
Fluorescence ratios (test/reference) are depicted by separate logi pseudocolor scales (indicated). 



of DNA copy number and mRNA levels for genes on chromo 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression are quite concordant; i.e., a significant 
fraction of highly amplified genes appear to be correspondingly 
highly expressed. The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web site) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

. To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4<i). For both the 



breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
f tests comparing adjacent classes: cell lines, 4 x 10"**, 1 x 10~ 49 , 
5 x lfr 3 , 1 x 10-*; tumors, 1 x 10"« 1 x 10" 214 , 5 x lfr 41 . 
1 x 10T 4 ). A linear regression of the average Iog(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
number was accompanied by 1.4- and 1.5-fold changes in mRNA • 
level for the breast cancer cell lines and tumors, respectively (Fig, 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 rumor samples (Fig. 46). 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 46) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Fig. 4. Genome-wide influence of DNA copy number alterations on mRNA levels, (a) For breast cancer cell lines (gray) and tumor samples (blade), both 
mean-centered mRNA fluorescence ratio (log? scale) quart lies (box plots indicate 25th, 50th, and 75th percentile) and averages (diamonds; VWatue error ban 
Indicate standard errors of the mean) are plotted for each of five classes of genes, representing DNA deletion (tumor/normal ratio < 0.8). no change (0.8-1.2). 
low- (1.2-2), medium- (2-4), and high-level (>4) amplification. P values for pair-wise Student's t tests, comparing averages between adjacent dasses (moving 
left to right), are4 x 10~*» 1 x 10"*» 5 x 10"* 1 x |<r*(cell lines), and 1 x 10~*», 1 x 10~ lu , 5 x 10" 4 \ 1 x 10** 4 (tumors). (M Distribution of conflations between 
DNA copy number and mRNA levels, for 6,095 different human genes across 37 breast tumor samples, (c) Plottxf observed versus expected correlation coefficients. 
The expected values were obtained by randomization of the sample labels in the DNA copy number data set. The line of unity is indicated, (d) Percent variance 
in gene expression (among tumors) directly explained by variation In gene copy number. Percent variance explained (blade line) and fraction of data retained 
(gray line) are plotted for different fluorescence intensity/background (a rough surrogate for signal/noise) cutoff values. Fraction of data retained is relative 
to the 1.2 Intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation in gene expression attributable to 
underlying DNA copy number alteration can be found in the supporting information (see Estimating the Friction of Variation in Gene Expression. Attributable 
to Underlying DNA Copy Number Alteration). 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
7% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad). Wc can reduce the effects of experimental 
measurement error on this estimate by using only that fraction 
of the data most reliably measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. 4d). This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
usefulness of defining amplicon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and rumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression, we believe our findings are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of —6,100 genes). 

In budding yeast, ancuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with our findings, Phillips et aL (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et aL (15) recently reported that in metastatic 
colon tumors only -4% of genes within amplified regions were 
found more highly (>2-fbld) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et al. (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplifled chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity amplicons, effectively overcalling re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesis. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of high-resolution mapping of aropli- 
con boundaries and shape [to identify the "driving*' gene(s) 
within amplicons (16)], on a large number of samples, in addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
microarray gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this finding supports 
a possible role for widespread DNA copy number alteration in 
tumorigenesis (37, 18), beyond the amplification of specific 
oncogenes and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stochiometric relationships in cell metabolism and physiology 
(e.g., proteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 
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Each year, over 1 82,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and snorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 36.7% for 
patients with no HER-2/neu gene amplification. 4 HER-2/neu 
status may be particularly important to establish in women with 
small (< 1 cm) tumor size. 

The choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
involving 1 549 node-positive patients. Patients received one 
of three different treatments consisting of different doses of 
cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not. The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin 0 (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demonstra- 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will uti- 
lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 



AUGUST 1939 



CPT code information 

HER-2/neu via IHC 

88342 (including interpretive report) 

HER-2/neu via FISH 

88271 *2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 
88291 Cytogenetics and molecular cytogenetics, interpre- 
tation and report 



Procedural Information 

Immunohistochemistry is performed using the FDA-approved 
DAKO antibody kit, Herceptest* The DAKO kit contains 
reagents required to complete a two-step immunohisto- 
chemical staining procedure forxoutinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion ©f the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome 17 centromere and the second for the HER- 
2/neu oncogene located at 1 7q 1 1 .2- 1 2 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vy sis-certified Cytogenet- 
ics laboratory at SHMC. 
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High-throughpiit technologies, such as proteomic screening antf DNA micro-arrays, produ^ vast 
amounts oi data requiring comprehensive analytical methods to decipher the biologically relevant 
results One approach would be to manual.y search the biomedical literature; however this would be 
an arduous task. We developed an automated literature-mining tool, termed MedGene which 
summarizesTnd estimates the relative strengths of al. human S™-«~" 
relationships in Medline. Using MedGene. we analyzed a novel mlcro-array f**™*™'**™ 
comparing breast cancer and normal breast tissue in the context of existing know.edge. We f found I no 
correlation between the strength of the literature association and the magnitude of the difference in 
exprlTn when considering changes as high as 5-fo.d; however a 

observed (r = 0.41; p - 0.05) among genes showing an expression difference of 10-fold or more, 
interestingly, this only held true for estrogen receptor (ER) positive tumors, not ER negative. MedGene 
IdenUued a set of relatively understudied, yet highly expressed genes in ER negat.ve tumors worthy of 

further examination. 

Keywords: bloinformatics • mlcro-array . text mining ♦ gene-disease association . breast cancer 



InUoduction 

At Its current pace, the accumuIaUon of biomedical literature 
outpaces the ability of most researchers and clinicians to stay 
abreast of their own immediate fields, let alone cover a broader 
range of topics. For example, to follow a single disease, e.g., 
breast cancer, a researcher would have had to scan 130 different 
journals and read 27 papers per day in I999. 1 This problem is 
accentuated with high-throughput technologies such as DNA 
micro-arrays and proteomics, which require the analysis of 
large datasets involving thousands of genes, many of which are 
unfamiliar to a particular researcher. In any microarray experi- 
ment, thousands of genes may demonstrate statistically sig- 
nificant expression changes, but only a fraction of these may 
be relevant to the study, The ability to interpret these datasets 
would be enhanced if they could be compared to a compre- 
hensive summary of what is known about all genes. Uius. there 
is a need to summarize existing knowledge in a format that 
allows for the rapid analysis of associations between genes and 
diseases or other specific biological concepts. 

One solution to this problem Is to compile structured digital 
resources, such as the Breast Cancer Gene Database* and the 
tumor Gene Database. 2 However, as these resources are hand- 
curated, the labor-intensive review process becomes a rate- 
limiting step in the growth of the database. As a result, these 
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databases have a limited scale and the genes are not selected 
in a systematic fashion. 

An alternative approach is automated text mining; a method 
which involves automated information extraction by searching 
documents for text strings and analyzing their frequency and 
context This approach has been used successfully in several 
Instances for biological applications. In most cases, It has been 
applied to extract information about the relationships or 
interactions that proteins or genes have with one another, in 
the literature or by functional annotation. 3 * 7 Thus far, few 
publication have applied text-mining to examine the global 
relationships between genes and diseases, Perez-Iratxeta et al. 
automatically examined the GO (Gene Ontology) annotation 
or genes and their predicted chromosomal locations in order 
to identify genes linked to inherited disorders.* 

To obtain a more global understanding of disease develop- 
ment, it would be valuable to incorporate information regarding 
all possible gene-disease relationships, including biochemical, 
physiological, pharmacological, epidemiological, as well as 
genetic. This information would enable comprehensive com- 
parisons between large experimental datasets and existing 
knowledge in the literature'. This would accomplish two things. 
First, it would serve to validate experiments by demonstrating 
that known responses occur as predicted. Second, it would 
rapidly highlight which genes are corroborated by the literature 
and which genes are novel In a given context. We have utilized 
a computational approach to literature mining to produce a 
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comprehensive * of t^^jf^^^Ti 
Vehii^vclo^d a ma approach to ass** thestreng* of 
rrh^bdationbased on the frequency of citation and co- 
^SffSSffL tool to help interpret the da* from a 
S^aSy gene expression experiment comparing 
normal and cancerous breast tissue. 

MedGene Patabaie. MedGene is a relational database, star- 
: . i&mm aM^^atJpn from NCBI text mmlng re- 
; s»S^««POte« aiW hyperlinks to the primary lit- 

^^^^^/ra^ome.html) and human disease 

fmSi^^ site at NCBI (http://www.ncbtnlh.gov/ 
LocusUnk/j. Offlclal/p^erred gene symbol official/preferred 
gene 'nam^-anS gene alternative symbols and names, all 
r^ev^tannotatibns and URLs for each LocusLink record, were 
collected^ Gene search terms were used for literature searching 
ani mdiided atf qualified gene names, gene symbols, and gene 
,femlryi^.-Primary gene keys, predominantly qualified gene 
M^-tina^ official/preferred symbols, were used 
to inde^ MedUne ^ record^ If the official/preferred gene symbols 
^n»mft«rt»^ then quaUfled gene 

officfe&pMetred names were used. A local copy of Medline 
re^briis (up to July; 2002) was pre-selected. 

A JAVA module examined the MeSH terms and then indexed 
each Medline record with the appropriate disease terms. A 
: separate JAVA module was used to examine the tides and 
abstracts for gene search terms and then to Index the gene- 
related^Mealihe records with the relevant primary gene key(s) . 
: i $ta&6^ For every gene and disease pair, we 

counted records that were indexed for both gene and disease 
(double bosWve hits), for disease only (disease single hits), for 
gene only (gene single hits), and for neither gene nor disease 
(double negative hits) to generate a 2 x 2 contingency table. 
On the basis of the contingency table-framework, we applied 
different statistical methods to estimate the strength of gene- 
disease relationships and evaluated the results. These methods 
included chi-square analysis, Fisher's exact probabilities, rela- 
tive risk of gene, and relative risk of disease 16 (http:// 
hipseq-meo^harvardedu/MedCene^. In addition, we computed 
the "product of frequency", which is the product of the 
proportion of disease/gene double hits to disease single hits 
and the proportion of disease/gene double hits to gene single 
hits. To obtain a normal distribution, we transformed all the 
statistical scores using the natural logarithm. We selected the 
logof the product of frequency (LPF) to validate MedGene and 
to u^e for the analysis with the micro-array data. Spearman 
rank-correlation coefficients were used to assess the linear 
relationship between LPF and micro-array fold change in 
expression level. 

Global Analysis. Diseases with at least 50 related genes were 
selected for clustering analysis, and the LPF scores were 
nqrm^jfeed with total score for each disease. Hierarchical 
dusteVing was done with the "Cluster" software and the 
clustering result was visualized using 'TreeViewer" (http;// 
rar^lbl.gov/EUenSoftware.htm) . 
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Breast Tissue Micro-Arrays* Eighty-nine breast cancer 
samples (79% ER-positive) and 7 normal breast tissue samples 
were selected from the Harvard Breast SPORE frozen tissue 
repository and were representative of the spectrum of histo- 
logical types, grades, and hormone receptor Immuno-pheno- 
types of breast cancer. Btotlnylated cRNA, generated from the 
total RNA extracted from the bulk tumor, was hybridized to 
Asymetrix U95A oligonucleotide micro-arrays. These micro- 
arrays consist of 12 400 probes, which represent approximately 
9000 genes, Raw expression values were obtained using GENE- 
CHIP software from Afrymetrix. and then further analyzed using 
the DNA-Chip Analyzer (dChip) custom software. 

Results 

Automated Indexing of Medline Records by Disease and 
Gene. To stucty the gene-disease associations in the literature, 
we first compiled complete lists for human diseases and human 
genes. To Index all Medlme records that were relevant to 
human diseases, the Medical Subject Heading (MeSH) index 
of Medline records was utilized. MeSH is a controlled medical 
vocabulary from the National Library of Medicine and consists 
of a set of terms or subject headings that are arranged in both 
an alphabetic and an hierarchical structure. Medline records 
are reviewed manually and MeSH terms are added to each with 
software assistance.* 10 Twenty-three human disease category 
headings along with all of their child terms (see the Supporting 
Information. Supplemental Table h or visit http://hipseq. 
med.harvard.edu/MedGene/publicatton/s„Table l.html) were 
selected from the 2002 MeSH index creating a list of 4033 
human diseases. 

No index comparable to the MeSH index exists for genes, 
and thus, it was necessary to apply a string search algorithm 
for gene names or symbols found in Medline text A complete 
list of genes, gene names, gene symbols, and frequently used 
synonyms were collected from the LocusUnk database at 
NCBI,"- 11 which contains 53 259 Independent records keyed 
by an official gene symbol or name (June 18 th . 2002). For the 
purposes of this study, no distinction was made between genes 
arid their gene products. Authors often use the same name for 
both, differentiating the two only by the use of italics, if at all. 
For the intended use of this study, this lack of distinction is 
unlikely to have a large effect and may in fact be beneficial. 

Initial attempts to search the literature using these lists 
revealed several sources of false positives and false negatives 
(Table 1). False positives primarily arose when the searched 
term had other meanings, whereas false negatives arose from 
syntax discrepancies necessitating the development of filters 
to reduce these errors. The syntax issues were readily handled 
by including alternate syntax forms in the search terms. The 
false positive cases, caused by duplicative and unrelated 
meanings for the terms, were more difficult to manage. Where 
possible, case sensitive string mapping reduced inappropriate 
citations. In many cases, however, this was not sufficient and 
the terms had to be eliminated entirely, thereby reducing the 
false positive rate but unavoidably under- representing some 
genes. 

For the purposes of data tracking, a primary gene key was 
selected to represent all synonyms that correspond to each 
gene. Medline records were indexed with a primary gene key 
when any synonym for that key was found in the title or 
abstract. Case-Insensitive string mapping was used for all 
searches except as noted above. No additional weight was 



Diaz, Dianna 



From: 

Sent: 

To: 

Subject: 



Reddy, Daphne 

Monday, December 10, 2007 9:54 AM 
Diaz, Dianna 

FW: Please file Notice of Appeals for the following cases by the dates shown below 



Just a reminder. Thanks. 



Sent: 

To: 

Cc: 



Subject: 



From: 



Reddy, Daphne 

Monday, December 03, 2007 8:20 PM 
Diaz, Dianna 
Reddy, Daphne 

Please file Notice of Appeals for the following cases by the dates shown below 



1 . Please file Notice of Appeals for the following cases by the dates shown below 

2730P1C1 by 12/10/07 
2730P1C25 by 12/18/07 
2730P1C26 by 12/18/07 
2730P1C11 by 12/19/07 

2. Please prepare cases for issue fee filing (check docket). PTA/ issue fee checklist should be ready 
by now. If there are any issues, please let me know. I am now keeping track of these at the present, 
so please keep an eye on this for me. Let us pay all the fees due ASAP, thanks. 

3. Please follow up on PTA determination with Elena, she tends to push it aside if inquiries/ 
reminders are not sent. Kindly DO send reminders, cc me, thanks. 

Let me know if you have any questions. 



Daphne Reddy | Patent Specialist | HellerEhmiaiiLLP | 275 Middlefield Road | Menlo Park, CA 94025 

tel: +1.650.324.7037 | fax: +1.650.324.659 | email: daphne.reddy@hel!erehrman.com | web: www.hellerehrman.com 



l 



(tranced Literature Mining • 

:es of False Positives and False Negatives in Uriflltered Data* 



research articles 



error type 



example 



Qltersolutton 



false positive 





false positive 


m 






false positive 


false negative 
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false negative 



MAG-myelin 

associated glycoprotein 
AM<^-maiignancy-assoclated 

protein 

JM— pallid homologue (mouse), 

palttdin (also abbrev, for Pennsylvania) 

W45-VViskott~Aldrich Syndrome 
(also the word •was*) 

BAG-1 instead of BAG I 

P53 instead of TPS3 

estrogen receptor Instead of 
^stxog^n receptor i 



eliminate this term 

eliminate this term 

case-sensitive string search 

add dash term 

add ail gene nicknames 

add family stem term 



ledllne was searched tor co-occurrence of genes and diseases and (he resulting output was evaluated to Identify error sources that 
cs. Bach error source Is categorized by the type of error 11 causes: false positives are suggested relationships that are not real and 
whips that are uncterrep resented The filter solutions used are Indicated. Note that in some cases, the filter solution Itself Introduces 
maximized sensitivity, even at the expense of specificity If needed. 
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Figure 1. Estimation of the false negative rate by comparison 
. with hand-curated databases. The breast cancer-related genes 
identified by MedGene were compared with those listed in 
several other databases including the Tumor Gene Database 
(TGD), Z the Breast Cancer Gene Oatabase(BCG), 1 GeneCards 
(GC)" and Swissprot. 18 Genes were considered false negatives 
if they were represented in at least one of these other databases 
and not in MedGene and their link to breast cancer was sup- 
ported by at least one literature reference. AH literature references 
were verified by manual review to confirm their validity. The 
number of genes in each database or shared by more than one 
database is indicated. The false negative rate was calculated by 
genes missed at MedGene (26)/total number of nonoverlapplng 
genes in other databases (285). 



there were several public databases that link genes to breast 
cancer. We compared the list of breast cancer-related genes 
from MedGene to these databases, illustrated in Figure 1, 
Among the 285 distinct breast cancer- related genes that were 
supported by at least one literature citation in these hand- 
curated databases, 26 were absent from MedGene, suggesting 
a false negative rate of approximately 9% t To determine why 
these were missed, all literature references for these genes (80 



Journal of Proteome Research ♦ Vol. 2, No. 4, 2003 407 



research articles 



Huet at 



papers) were reviewed manually (see the Supporting Informa- 
tion, Supplemental Table 2, or visit http://hipseq.med. 
harvard.edu/MedGene/publication/sjrable 2.html). Among 
these papers, most false negatives were caused by nonstandard 
gene terms or gene terms eliminated by our specificity filters. 
Few genes were missed because they were only mentioned in 
review papers (0.4%) or they appeared only in the body of the 
, manuscript but not the abstract or tide (1.1%). Of note. 
MedCene identified approximately 2000 additional breast 
cancer-related genes not listed in any other database. 

To assess the false positive error rate, two complementary 
approaches were used: a detailed analysis of one disease and 
a global examination of 1000 diseases. The detailed approach 
examined the false positive error rate and its sources, whereas 
the global approach tested whether the overall results made 
biomedical sense. 

Using the LPF, 1467 genes related to prostate cancer were 
assembled in rank order. We then retrieved approximately 300 
Medline records each for the highest ranked 100 and the lowest 
ranked 200 genes and manually reviewed the titles and 
abstracts to determine the verity of the association. Nearly 80% 
of the highest ranked 100 genes fell into one of the five 
categories that reflect meaningful gene-disease relationships 
(see the Supporting Information, Supplemental Table 3, or visit 
http://hipseq.med.harvard.edu/MedCene/publlcation/ 
s.Table 3.html). Among the lowest ranked 200 genes, ap- 
proximately 70% reflected true relationships. Of the 600 records 
reviewed, there were only two in which the association between 
the gene and the disease was described as negative. Both were 
genes with very low scores. In both cases, the authors did not 
argue the absence of any relationship, but rather that a 
particular feature of the gene or protein was not shown to be 
related to human prostate cancer. 1314 

The coincidence of some gene symbols with medical ab- 
breviations, chemical abbreviations and biological abbrevia- 
tions resulted in most of the false positives (see the Supporting 
Information, Supplemental Table 4. or visit http://hipse- 
q.med.harvard.edu/MedGene/publlcation/s„Table 4.html), em- 
phasizing the importance of the filters that were added in the 
search algorithm (Table 1). Without the filters, the false positive 
rate more than doubled, and the false negative rate rose 
dramatically (data not shown). For example, among the papers 
about breast cancer, there were only 12 Medline records that 
referred to ESR1 and 10 to ESR2, whereas almost 2000 papers 
mentioned estrogen receptor without specifying ESRI or £5J?£ 
this latter group was detected by the family stem term filter. 

To further validate these results, a global analysis of the gene- 
disease relationships described by MedGene was performed. 
For this experiment, U was reasoned that the more closely 
related the diseases are to one another, the more they will be 
related to the same gene sets. Thus, if the relationships defined 
by MedGene accurately reflected the literature, then an unsu- 
pervised hierarchical clustering of the gene data should group 
diseases in a manner consistent with common medical think- 
ing. Conversely, if the clustered diseases do not make sense 
biologically or medically, it may reflect excessive false positives, 
false negatives, or inappropriate scoring of the data. 

To execute this experiment, the gene sets and the corre- 
sponding LPF values for 1000 randomly selected diseases (each 
with at least 50 gene relationships) were used as a dataset for 
clustering the diseases. A review of the results showed that the 
resulting disease clusters were Indeed logical based upon 
common medical knowledge (see the Supporting Information, 



Supplemental Figure 1, or visit http://htpseqjnaediiarvard.edu/ 
MedGene/publication/sJPigure 1-html). For example, in one 
such cluster shown in Figure 2, diabetes and its complications 
grouped together and were also closely linked to diseases 
associated with starvation states. 

The number of genes associated with a giveri disease can 
be estimated by adjusting the MedCene number up by the false 
negative rate (^*9%) and down by the false positive rate (*-26% 
on average). Using this, the average disease has 103.7 ± 45.3 
(mean ± s.d.) genes associated with It, although the range is 
quite broad with 2359 genes related to breast cancer, 2122 
genes related to lung cancer and no genes related to a number 
of diseases. 

Applying MedGene to the Analysis of targe Datasets. Access 
to a comprehensive summary of the genes linked to, human 
diseases provided an opportunity to analyze data obtained from 
a high-throughput experiment We compared the MedGene 
breast cancer gene list to a gene expression data set generated 
from a micro-array analysis comparing breast cancer and 
normal breast tissue samples. Micro-array analysis identified 
2286 genes that had greater than a 1-fold difference in mean 
expression level between breast cancer samples and normal 
breast samples. Using MedGene, we sorted the 2286 genes into 
four classes: 555 genes directly linked to breast cancer in the 
literature by gene term search (first-degree association by gene 
name); 328 genes directly linked by family term search (first- 
degree association by family term); 1021 genes linked to breast 
cancer only through other breast cancer genes (second-degree 
association); and 505 genes not previously associated with 
breast cancer. (See the Supporting information, Supplemental 
, Figure 2, or visit http://hipseq.med-harvard.edu/MedGene/ 
pub!ication/sJ r igure 2.html.) Among the 505 previously un- 
related genes, 467 were either newly Identified genes or genes 
that had not previously been associated with any disease. 
Among the remaining 38 genes, 9 had been related to other 
cancers, specifically esophageal, colon, uterine, skln r and cervix. 

To determine whether the genes highlighted by the micro- 
array analysis were more likely to have been previously linked 
to breast cancer in the literature, we created a two-dimensional 
plot of the fold change of expression level between breast 
cancer and normal tissue versus the literature score (LPF) 
(Figure 3A). There was a broad spread of expression changes 
among the genes directly linked to breast cancer ranging from 
less than 1-fold change (68%) to over 40-foid (0.3%). Notably, 
the majority of genes with greater than 10-fold expression 
changes were linked to breast cancer by first-degree associa- 
tion. 

Among all 754 genes directly linked to breast cancer in the 
literature, there was no correlation between LPF and micro- 
array fold change (r = 0.018, p-value « 0.62). However, when 
we stratified the analysis based on the magnitude of the fold 
change, we observed an increasing trend In correlation (Figure 
3B) suggesting that genes with a more substantial change in 
expression level were more likely to have a stronger association 
in the literature. For genes that had 10-fold change or more in 
expression level, the correlation increased to 0.41 (p-value * 
0.05). 

When we evaluated the micro-array data separately for ER 
positive and ER negative tumors, the trend in correlation 
between fold change and literature score was highly dependent 
on estrogen receptor status. Interestingly, there was a similar 
trend in correlation for ER positive tumors, but no trend in 
correlation for ER negative tumors. 
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Coxsackievirus Injections 
Obesity in Diabetes 
Diabetic Ketoacidosis 
GXucose Intolerance 

Diabetes Mellitus, Non- Insulin- Dependent 

Diabetes Mellitus, Insulin-Dependent 

Pregnancy in Diabetics 

Diabetic Retinopathy 

Diabetic Angiopathies 

Diabetic Neuropathies 

Glycosuria 

HyperinsuXinism 

Hyperinsulinawia 

Hypoglycemia 

Hyperglycemia 

Diabetes Mellitus, Experimental 
Diabetes MeXXitus 
Diabetes* Gestational 



5 



ITtarva € f on 
jaundice, Naonatai 
Brain Edema 
Pulmonary Edema 
Nutrition Disorders 
Kwashiorkor 
Critical illness 
Burns 

Diabetic Nephropathies 

AXbuminuria 

Insulinoma 



Fiqure 2 Global validation by clustering analysis, 2(A). The gene sets and the corresponding LPF values for 1000 diseases, each w.th 
at least 50 gene relationships, were used in an unsupervised clustering of the diseases based on the gene patterns associated w.th 
them A sample of the data is shown here. 2(B). One of the resulting clusters is shown that corresponds to biood sugar states. D.aoetes 
*rms fabove the line) and starvation states terms (under the line) clustered together. Within these groups there .s also cluster, ng of 
a^atetic small Vessel complications, altered serum chemistries, nutritional disorders, etc, (Supplemental F.gure 1: http://h,pseq.med. 
harvard.edu/MedGene/publicatlon/s_Figure l.html). 



Finaiiy. to validate our findings, we computed similar cor- 
relations between the breast cancer expression data and 
LPF scores generated by MedCene for hypertension, a 



disease unrelated to breast cancer. As expected, we did not 
observe an increasing trend in correlation for hyperten- 
sion. 
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Microarray Fold Change 

Green dots represent flrst-degree associate by gene starch. ^ ^ mflerted by a substantial difference In 

dotS represent S^jgSjSS £ " SSJ^^ellir in the ..tenure had less than lO-fold 

expression level, Fur^rmore. the ^^J^^^^,,*, coefficients between literature score (LPF) and the fold change 
expression changes {shaded area). "J^^"^*^^^, ln relation t0 the amount of fold change of expression level 
of expression level between tumor an inormal 1 b easr "^^'^enslon (pink). Correlations were also computed between 

estrogen receptor negative tumors only (purple). 
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breast neoplasms 
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rheumatoid arthritis 


bipolar disorder 
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HDD 
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10LR 


ACT 
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kallikrein 
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ACE 
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HTR3A 
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MSRl 




TNF 
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LPL 
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KCNN3 


pom 






plasminogen 


DlANPri 


couagen 


DRD4 


activator inhibitor 


CA Df 

SAKJ 


IL.IH 


HTRZC 
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vascular cell 


PM 


ACQ 


REIN 


adhesion molecule 


CD59 


1NFRSF12 
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f\ I Wil l 
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LLC 


MAOA 


VWF 


emm 


CHI3L1 . 






MAT2B 


IL8 • 


rilKcn 
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angiotensin 
receptor 


interleukin 1 


SYNJl 


ABCAl 


matrix 




01R1 


AGTR2 


metalioproteinase 


INPPl 


NPPA 


interferon 


NEDD4L 


collagen 


LVM 


C068 


FRA13C 


MCP 
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DBH 


IL4 


ERBB2 


lipoprotein 


NPY 


IL17 


BAIAP3 


APOAZ 




Intercellular 


POMC 


MMP3 


ATP1B3 


adhesion molecule 


neuropeptide 


5ZL 


DRD5 


RABZ7A 



estrogen receptor 
PGR 
ERBB2 
BRCA1 
BRCAZ 
EGFR 
CYP19 
TFF1 
PSEN2 
TP53 

CBS3 
CEACAMS 

BRBB3 
cyclin 
CQX5A 
cathepsin 
ERBB4 

TRAM 

CCND1 
EGF 
MUCl 

Insulin- like 
BCL2 

mudn 
FGF3 

• MedCene results for the top 25 genes associated with breast neoplasms, hypertension, rheumatoid arthritis, bipolar disorder and a&eicsclerosls, respectively 
ranked by LPF scores. The hyperlink to all the papers co-citing the gene and the disease is available at MedCene website <htlp://hipseq jnedharvard.edu/ 
MedCene/). . • ■ 



Discussion 

The Human Genome Project heralded a new era in biological 
research where the emphasis on understanding specific path- 
ways has expanded to global studies of genomic organization 
and biological systems. High-throughput technologies can 
provide novel insight into comprehensive biological function 
but also introduces new challenges. The utility of these 
technologies is limited to the ability to generate, analyze, and 
interpret large gene lists. MedCene, a relational database 
derived by mining the information in Medline, was created to 
address this need. MedGene users can query for a rank-ordered 
list of human gene-disease relationships (Table 2) for one or 
more diseases. Each entry is hyperlinked to the original papers 
supporting each association and to other relevant databases. 

MedGene is an innovative extension of previous text mining 
approaches. Perez-lratxeta et al. used the GO annotation and 
their chromosomal locations to predict genes that may con- 
tribute to Inherited disorders. 8 MedGene takes a broader view 
and includes all diseases and all possible gene-disease relation- 
ships. Furthermore, MedGene utilizes co-citation to Indicate a 
relationship rather than GO annotation, which is limited to the 
subset of genes that have CO annotation. Our approach is 
complementary to that taken by Chaussabel and Shex, who 
used the frequency of co-cited terms to cluster genes into a 
hierarchy of gene-gene relationships. 11 

A unique aspect of this tool is the ability to assess the relaUve 
strengths of gene-disease relationships based on the frequency 
of both co-citation and single citation. This presupposes that 
most co-citations describe a positive association, often referred 
to as publication bias 15 and is supported by our observations 



that negative associations are rare (Supplemental Table 3: 
http://hipseq.med.harvard.edu/MedGene/publlcaUonys_Ta- 
ble 3,html), Of course, relationships established by frequency 
of co-citation do not necessarily represent a true biological link; 
however, it is strong evidence to support a true relationship. 

Another important feature of MedGene is the implementa- 
tion of software filters that substantially reduced the error rate. 
We estimate that less than 10% of all associations were missed 
and at least 70% of even the weakest associations were real. 
For this study, all of the filters that we applied were general 
ones, e.g., expanding the list of all gene names to address the 
different syntax forms used by different journals, eliminating 
gene names that correspond to common English words, etc. 
The majority of the remaining search term ambiguities were 
Idiosyncratic and difficult to Identify systematically without 
causing a significant rise in false negatives. Alternative ap- 
proaches, such as the examination of the nearest neighbor 
terms, need to be considered to further reduce the false positive 
rate. 

It is not uncommon to see expression changes in micro- 
array experiments as small as 2 -fold reported in the literature. 
Even when these expression changes are statistically significant, 
it is not always clear if they are biologically meaningful. When 
comparing expression levels of disease to normal tissue, one 
expects an enrichment of known disease -related genes to 
appear in the altered expression group. MedCene provided a 
unique opportunity to test this notion in the context of existing 
knowledge on a novel breast cancer micro-array dataset. For 
genes displaying a 5-fold change or less in tumors compared 
to normal, there was no evidence of a correlation between 
altered gene expression and a known role in the disease. This 
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Table 3. Genes with Large Expression Changes in ER- but 
Not in ER+ Breast Tumors 



gene symbol fold change (EB+) fold change (ER-) 



KRTHB1 1-0 610.8 

BRS3 *-2 894 

DKKl »2 69^ 

ZIC1 1-9 59.6 

TLR1 1.0 38.5 

KIAAQ680 26 33.2 

CDKN3 1.0 30.6 

J&BK t 4.0 27.9 

CZMB 3.8 21.9 

STXi5 4.7 18.6 

GPR49 10 14.6 

MYOIQ 16 14.4 

LAD J -1.0 13.5 

K>Z,£2 4.2 13.0 

HMG4 4.4 12.9 

BCL21U -1.2 12.3 

L£P5 2.9 12.2 

1.0 11.8 

CCNE2 4.0 11,6 

-4.3 11.1 

KNSL6 2.9 10.9 

H/F5 3.0 10.2 

SERPINH2 4.6 10.2 

MP] 1.0 10.0 

LPHB "13 -10.4 

TCEA2 -1.1 -10.8 

TFFi 13 -11.4 

COL 17 A 1 -4.1 -15.7 

POi>5 , 1.1 -16.2 

BPAC1 -4.6 -22.3 

PDZK1 -1-1 "36.8 

V£GFC -2.8 -51,5 

Ml/Co* -14 -64.9 

SERPINA5 -1-0 -83,1 

-1.6 -85.9 

CA12 2.4 -150.3 



Table 1 MedCene Identified a set of relatively understudied, yet highly 
expressed genes in ER negative, but not ER positive breast tumors. Ail of 
these genes have either never been co -cited with breast cancer or have a 
weak association except those marked with an *. 



reflects the many genes whose role in breast cancer may not 
involve large changes in expression in sporadic tumors (e.g., 
BRCA1 and BRCA2) and genes whose modest changes in 
expression may be unrelated to the disease. Strikingly, among 
genes with a 1 0-fold change or more in expression level, there 
was a strong and significant correlation between expression 
level and a published role in the disease, providing the first 
global validation of the micro -array approach to identifying 
disease-specific genes. 

The results derived from MedGene have two implications. 
First, a careful hunt for corroborating evidence of a role in 
breast cancer should precede any rurther study of genes with 
less than 5-fold expression level changes. Second, any genes 
with 10-fold changes or more are likely to be related to breast 
cancer and warrant attention. It is likely that this threshold will 
change depending on the disease as well as the experiment. 

Interestingly, the observed correlation was only found among 
ER-positive tumors, not ER-negative. This may reflect a bias 
in the literature to study the more prevalent type of tumor in 
the population. Furthermore, this emphasizes that caution 
must be taken when interpreting experiments that may contain 
subpopulations that behave very differently. The MedGene 
approach identified a set of relatively understudied, yet highly 
expressed genes In ER-negative tumors that are worthy of 
further examination (Table 3). 



Hu et al. 

In conclusion, we have developed an automated method of 
summarizing and organizing the vast biomedical literature. To 
our knowledge, the resulting database is the most comprehen- 
sive and accurate of its kind! By generating a score that reflects 
the strength of the association, it provides an important tool 
for the rapid and flexible analysis of large datasets from various 
high-throughput screening experiments. Furthermore, it can 
be used for selecting subsets of genes for functional studies, 
for building disease-specific arrays, for looking at genes com- 
mon to multiple diseases and various other high-throughput 
applications, In the future, it will be possible to enhance the 
utility of the MedGene database by building links between 
genes and other MeSH terms as well as other biological 
processes and concepts, such as cell division and responses to 
small molecules. i 
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Gene-expression profiles predict survival of patients with lung 

adenocarcinoma 
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HistopathoJogy is insufficient to predict disease progression and clinical outcome in lung adeno- 
carcinoma. Here we show that gene-expression profiles based on microarray analysis can be 
used to predict patient survival in early-stage lung adenocarcinomas. Genes most.related to sur- 
vival were identified with univariate Cox analysis. Using either two equivalent but independent 
training and testing sets, or leave-one-out' crossrvalidation analysis with all tumors, a risk index 
based on the top 50 genes identified low-risk and high-risk stage I lung adenocarcinomas, which 
differed significantly with respect to survival. This risk index was then validated using an inde- 
pendent sample of lung adenocarcinomas that predicted high- and low-risk groups. This index 
included genes not previously associated with survival. The identification of a set of genes that 
predict survival in early-stage lung adenocarcinoma allows delineation of a high-risk group that 
may benefit from adjuvant therapy. 



Lung cancer remains the leading cause of cancer death in indus- 
trialized countries. Most patients with non-small cell Jung can- 
cer (NSCLC) present with advanced disease, and despite recent 
advances in multi-modality therapy, the overall 10-year survival 
rate remains a dismal 8-10%\ However, a significant minority of 
patients (-25-30%) with NSCLC have stage 1 disease and receive 
surgical intervention alone. Although 35-50% of patients with 
stage 1 disease will relapse within 5 years 2 "*, it is not currently 
possible to identify specific high-risk patients. 

Adenocarcinoma is currently the predominant histological 
subtype of NSCLC (refs. 1,5,6). Although morphological assess- 
ment of lung carcinomas can roughly stratify patients, there is a 
need to identify patients at high risk for recurrent or metastatic 
disease. Preoperative variables that affect survival of patients 
with NSCLC have been identified 7 " 10 . Tumor size, vascular inva- 
sion, poor differentiation, high tumor-proliferative index and 
several genetic alterations, including K ras (refs. 11,12) and p53 
(refs. 10,13) mutations, have prognostic significance. Multiple 
independently assessed genes or gene products have also been 
investigated to better predict patient prognosis in Jung can-. 
cer 14 " 1 *. Technologies that simultaneously analyze the expression 
of thousands of genes'* can be used to correlate gene- expression 
patterns with numerous clinical parameters — including patient 
outcome— to better predict tumor behavior in individual pa- 
tients 20 . Analyses of lung cancers using array technologies have 
identified subgroups of rumors that differ according to tumor 
type and histological subclasses and, to a lesser extent, survival 
among adenocarcinoma patients"". Here we correlated gene- 
expression profiles with clinical outcome in a. cohort of patients 
with lung adenocarcinoma and identified specific genes that 



predict survival among patients with stage I disease. For further 
validation, we also show that the risk index predicted survival in 
an independent cohort of stage 1 lung adenocarcinomas. 

Hierarchical profile clustering yields three tumor subsets 
Using oligonucleotide arrays, we generated gene-expression pro- 
files for 86 primary Jung adenocarcinomas, including 67 stage I 
and 19 stage 111 tumors, as well as 10 non-neoplastic lung sam- 
ples. Selected sample replicates showed high correlation among 
coefficients and reliable reproducibility. We determined tran- 
script abundance using a custom algorithm and the data set was 
trimmed of genes expressed at extremely low levels, that is, 
genes were excluded if the measure of their 75th percentile Value 
was less than 100. Although potentially resulting in the loss of 
some information, trimming in this manner decreased the possi- 
bility that the clustering algorithm would be strongly influenced 
by genes with little or no expression in these samples. 
Hierarchical clustering with the resulting 4,966 genes yielded 3 
clusters of tumors (Fig. 1). All 10 non-neoplastic samples clus- 
tered tightly together within Cluster 1 (data not shown). We ex- 
amined the relationships between cluster and patient and tumor 
characteristics (Fig. 1 and Supplementary Figure A online). There 
were associations between cluster and stage (P= 0.030) and be- 
tween cluster and differentiation (P = 0.01). Cluster 1 contained 
the greatest percentage (42.8%) of well differentiated tumors, 
followed by Cluster 2 (27%) and Cluster 3 (4.7%). Cluster 3 con- 
tained the highest percentage of both poorly differentiated 
(47.6%) and stage III tumors (42.8%), yet contained 3 (14.3%) 
moderately differentiated and 1 (5%) well differentiated stage 1 
tumor. Notably, 1 1 stage I tumors were present in Cluster 3, sug- 
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gesting a common gene-expression profile for 
this subset of stage I and stage III tumors. 

For patients with stage 1 and stage III tumors, 
the average ages were 68.1 and 64.5 years and 
the percentage of smokers was 88.9% and 
89.5%, respectively. Marginally significant as- 
sociations between cluster and smoking his- 
tory were observed (P = 0.06). A significant 
relationship between histopathological classifi- 
cation and cluster was only discernable for 
bronchioloalveolar adenocarcinomas (BAs), 
which were only present in Clusters 1 and 2 
(P - 0.0055) and comprised 35.7% and 12.3% 
of tumors for Clusters 1 and 2, respectively. 

We examined the heterogeneity in gene-ex- 
pression profiles based on the trimmed data. set among normal 
lung samples and stage 1 and stage 111 adenocarcinomas by calcu- 
lating correlation coefficients between all pairs of samples. In 
contrast to normal lung samples that displayed highly similar 
gene-expression profiles (median correlation, 0.9), both stage I 
and III lung tumors demonstrated much greater heterogeneity in 
their expression profiles with lower correlation coefficients (me- 
dian values, 0.82 and 0.79, respectively). 

Northern-blot and immunohistochemistry analyses 
Of the 4,966 genes examined, 967 differed significantly between 
stage 1 and 111 adenocarcinomas, a number in excess of that ex- 
pected, by chance alone (248 at alpha level (a) = 0.05). Three 
genes were arbitrarily selected to verify the microarray expression 
data. The mRNA from 20 of the normal lung and tumor samples 
was examined by northern-blot. hybridization with probes for in- 
sulin-like growth factor-binding protein 3 (1GFBP3), cystatin C 



Cluster 1 




Cluster 2 



Ouster 3 
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Fig. 1 Unsupervised classification analysis of tung adenocarcinomas. 3 classes of tumors identi- 
fied by agglomerate hierarchical clustering of gene-expression profiles using the 4,966 expressed 
genes. Patient and histopathological information for each lung adenocarcinoma case by cluster 
designation and methods for K-ros 12/13th-codon mutational status and nuclear p53 protein ac- 
cumulation are provided (Supplementary Figure A online). TN classification denotes information 
regarding patient tumor si?e and nodal involvement. Associations between cluster membership 
and patient or histopathological variables are indicated at significance level (PS 6.05). . 



and lactate dehydrogenase A {LDH-A) (Fig. 2a). Two gene probes 
not represented on the microarrays were used as controls, includ- 
ing histone H4, a potential index of overall cell proliferation, and 
28S ribosomal R>fA, a control for sample loading and transfer. 
The relative amounts of IGFBP3, cystatin C and. LDH-A mRNA 
strongly correlated with microarray-based measurements (Fig. 
2b). In both assays, JGFBP3 and LDH-A mRNA levels increased 
from stage 1 to stage 111 adenocarcinomas and were higher than 
those in normal lung. Cystatin C mRNA levels were more variable 
but relatively greater in normal lung than tumors. These results 
suggest that the oligonucleotide microarrays provided reliable 
measures of gene expression. The tumors showed slightly greater 
histone H4 expression than the normal lung, likely reflecting in- 
creased proliferation of tumor cells. 

Immunohistochemistry was performed for IGFBP3, cystatin C 
and HSP-70 to determine whether mRNA over expression was re- 
flected by an increase of their corresponding proteins in tumors. 
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Fig. 2 Validation analyses of gene-expres- 
sion profiling, a, Northern-blot analysis of 
selected candidate genes for verification- of 
data obtained from oligonucleotide arrays. 
The same sample RNA for the 4 uninvolved 
lung, 8 stage I and 8 stage III tumors was 

used for the northern-blot and oligonucleotide array analyses, 
b. Correlation analysis of quantitative data obtained from oligonucleotide 
arrays and northern blots measured by integrated phosphorimager-based 
signals for the IGFBP3 and LDH-A genes. The ratio of IGFBP3, cystatin C 
and LDH-A mRNA to 255 rRNA was determined. The relative. values for 
each gene from each sample are shown, n, nonneoplastic normal lung; 
1, stage I tumors; 3, stage III tumors, c, Immunohisto chemical analysis of 
IGFBP-3, HSP-70 and cystatin C in lung and lung adenocarcinomas. 
Cytoplasmic IGFBP-3 immunoreactivity in a neoplastic gland (tumor L22) 
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with prominent apical staining (blue reactant staining, arrow, upper left). 
Diffuse cytoplasmic HSP-70 immunoreactivity (tumor 127), yet stromal el- 
ements show no reactivity (upper right). Normal lung parenchyma (lower 
left) shows cytoplasmic cystatin C immunoreactivity in alveolar pneumo- 
cytes (arrow) and intra-alveolar macrophages but tumor (L90) shows dif- 
fuse cytoplasmic cystatin C immunoreactivity with prominent apical 
staining (lower right). Magnification, x200 
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Immunoieactivity for both 1GFBP-3 and HSP-70 (Fig. 2c) was de- 
tected in the cytoplasm of the adenocarcinomas, with little de- 
tectable reactivity in the stromal or inflammatory cells. Cystatin 
C was detected in alveolar pneumocytes and intra-alveolar 
macrophages in non-neoplastic lung parenchyma and also con- 
sistently in the cytoplasm of neoplastic cells. 

Gene-expression profiles predict survival 

As expected, KapIan^Meier survival curves (Fig. 3d) and log-rank 
tests indicated poorer survival among stage HI compared with 
stage I adenocarcinomas (P = <0.000l). Two statistical ap- 
proaches were used to determine whether gene-expression pro- 
files could predict survival using the data set of 4,966 genes. In 
one approach, equal numbers of randomly assigned stage 1 and 
Mage 111 tumors constituted training (n = 43) and testing (n = 43) 
sets. In the training set, the top 10, 20, 50 or 75 genes were used 
to create risk indices that were evaluated for their association 
with survival using the 50th, 60th or 70th percentile cutoff 
points to categorize patients into high or low groups. The results 
were similar across cutoff points but the 50-gene risk index had 
the best overall association with survival in the training set. 



Fig. 3 Gene-expression profiles and patient survival, o, Relationship be- 
tween tumor stage and patient survival (stage 1 and stage 3 differ signifi- 
cantly, P< 0.0001). b, Relationship between the survival in the 43 test 
samples and their risk assignments based on the 50-gene risk index esti- 
mated in the 43 training samples. The high- and low- risk groups differ sig- 
nificantly (P = 0.024). c, Relationship between patient survival and trie risk 
assignments in test samples (in b) conditional for tumor stage. The highl- 
and low- risk stage I groups differ significantly (P = 0.028), whereas stage III 
low- and high-risk groups did not (P= 0.634). d. Relationship between sur- 
vival in the test cases and their risk assignments based on the.86 'leave-one- 
out' cross-validation of the 50-gene risk index. The high- and low-risk 
groups differ significantly (P = 0.0006). e. Relationship between test case's 
risk assignment and survival (in d) conditional on tumor stage. The high- 
and low-risk stage I lung adenocarcinoma groups differ significantly from 
each other (P = 0.003), whereas low- and high-risk stage III tumors do not. 
. f, Relationship between tumor class identified by hierarchical clustering and 
patient survival. Survival for patients in Cluster 3 differed relative to the tu- 
mors in Cluster 2 (P = 0.037) and approached significance for Cluster 1 and 
2 combined (P = 0.06). g. Analysis of the Michigan-based risk index using 
top cross-validated survival genes identify a low- and high-risk group in an 
independent cohort of 84 Massachusetts-based lung adenocarcinomas that 
are significantly different (P= 0.003). h, Among the 62 stage I lung adeno- 
carcinomas in the Massachusetts sample, the high- and low-risk groups dif- 
fered significantly (P = 0.006). 



After conservatively choosing the 60th percentile cutoff point 
from the training set, we then applied this risk index and cutoff 
point to the testing set. The risk index of the top 50 genes cor- 
rectly identified low- and high-risk individuals within the inde- 
pendent testing set (P = 0.024) (Fig. 3b and Supplementary 
Methods online). Notably, 11 stage I tumors were included in 
the high-risk subgroup. When this risk assignment was then 
conditionally examined for stage progression (Fig. 3c), low- and 
high-risk groups among stage I tumors were found to differ (P = 
0.028) in their survival. 

Identification of a robust set of survival genes 
Although predictive of patient survival, a single training-testing 
set may not provide the most robust set of genes due to random 
sampling issues. Therefore, a 'leave-one-out' cross-validation ap- 
proach was used to identify genes associated with survival from 
all 86-tumor samples. We first developed a 50-gene risk index in 
each training set, and then applied the risk index to the test case 
held out from the full set of tumors and assigned the held out 
tumor to the high- or low-risk groups (Fig. 3d). The high and 
low-risk subgroups determined in the test cases differed signifi- 
cantly in their overall survival (P = 0.0006). Among the larger 
group of stage I lung adenocarcinomas, the low-risk (n = 46) and 
high-risk (n = 21) groups had markedly different survival (/>=. 
0.003) (Fig. 3e). Table 1 lists selected examples of the cumulative 
top 100 genes derived from this cross-validation procedure 
(complete list in Supplementary Table A online). 

It was also noted that many of the stage I patients in the high- 
risk subgroup (Fig. 3e) were , present in Cluster 3 (Fig. 1). 
Kaplan-Meier analysis (Fig. 3f) demonstrated a significantly 
worse survival (/>= 0.037) for patients in Cluster 3 relative to pa- 
tients in Cluster 2 and approaching significance for Cluster 1 
and 2 combined (P= 0.06). This further indicates the important 
relationship between gene-expression profiles and patient sur- 
vival, independent of disease stage. 

Consistent with previous analyses of lung adenocarcinomas 23 , 
40% of stage 1 and 57.8% of stage III tumors had 12th or 13th 
codon K-ros gene mutations. Those patients with tumors con- 
taining K-ras mutations showed a trend of poorer survival, but 
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Table! Selected examples of the top 100 genes from cross-validation 
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Bolded genes were aUo ugnilkant lor survival rn 43 tumor training jet (Fig. 36). 



Table 1 Selected examples of the cumulative top 1 00 genes identified using 
training-testing, cross-validation of all 86 lung tumor samples. The percent 
change, as well as the direction/ lor the average values of the 1 0 norvneoplastic 
lung to all tumors, and lor the 67 stage I to the 1 9 stage III tumors are shown. A 
positive coefficient p value b indicative of a relationship of gene expression to a 



poorer patient outcome. The genes are fisted in potential functional categories. 
Genes that were also present in the top 50 survival genes using the 4 3- tumor 
training set (Fig. 3b) are indicated in bold type. Complete listing of the gene 
probe sets and annotated gene and unigene identifiers can be found in the 
Supplementary Methods. 
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Fig. 4 Cene expression patterns of top survival genes o. Gene-expression patterns de- 
termined using agglomerative hierarchical clustering of the 86 lung adenocarcinomas 
against the 100 survival-related genes (Table 1) identified by the training- testing, cross- 
validation analysis. Substantially elevated (red) or decreased (green) expression of the 
genes is observed in individual tumors. Some tumors (black arrow and expanded area) 
show extremely elevated expression of specific genes, b. An outlier gene-expression pat- 
tern (>5 times the interquartile range among all samples) is observed for the eri>B2 and 
Reel A genes (top left and right, respectively). The SWOP and ak genes (bottom left and 
right, respectively) show a graded pattern of expression related to patient survival. O, 
alive; dead (also in c). c. The number of outliers per person identified in the top 1 00 
genes plotted by survival distribution. 



o 



Z 



§- 



— r - 
20 



40 60 80 100 



C 

g 
"to 

CO 

s> 



P«.%'*» e * 0 ft <, 

T _ — 



20 40 60 80 100 



— I 1 1 1 1 — 

20 40 60 80 100 



» 9 * C 



20 40 60 80 : 100 



40 60 80 

Survival time (mo) 



820 



NATURE MEDICINE - VOIUME 8 •NUMBERS • AUGUST 2002 



ARTICLES 



this difference did not reach statistical significance among a)] 
patients (P ~ 0.25), between patients within tumor clusters (P = 

. 0.41) or when analyzed separately among stage I (P = 0.22) and 
stage 111 {P~ 0.53) patients. Nuclear accumulation of p53 was de- 
tected in 17.9% stage I and in 22.2% stage 111 tumors. No signifi- 

. cant, relationship was observed for p53 staining and patient 
survival, cluster or tumor stage. 

Confirmation using an independent set of adenocarcinomas 
The robustness of our 50-gene risk index in predicting survival in 
lung adenocarcinomas was tested using oligonucleotide gene-ex- 
pression data obtained from a completely independent 
(Massachusetts-based) sample of 84 lung adenocarcinomas (62 
stage I, 14 stage II and 8 stage III; ref. 21, and dataset A at 
www.genome.wi.mit.edu/MPR/lung). To ensure equivalent 
power for testing and comparability of samples, the criteria for 
including tumors in the analysis were 40% or greater tumor cellu- 
. larity, no mixed histology (that is, adenosquamous) and patient 
survival information. To obtain comparative gene-expression 
measures between the two data sets, gene sequences present on 
the U95A and HuGeneFL array were examined, and expression 
data for our top 50 cross-validation genes for all 84 Massachusetts 
samples were obtained and processed" (see also Supplementary 
Methods online ). When we examined the risk assignment of 
these 84 samples, employing the identical cutoff point used for 
the 86 Michigan-based lung samples, we observed low- and high- 
risk groups (Fig. 3& P = 0.003). Notably^ among the 62 stage I tu- 
mors, high- and low-risk groups were observed that differed 
significantly (P= 0.006) in their survival (Fig. 3h).. 

Survival genes had graded and outlier expression patterns 

A statistical and graphical analysis of the 100 survival-related 



genes (Table 1) clustered against alt 86 tumors revealed individ- 
ual tumors with substantially elevated expression in both a lim- 
ited and larger number of genes (Fig. 4a). Among these genes, we 
observed two distinct patterns of expression related to patient 
survival. One pattern, designated 'outlier', included genes show- 
ing substantially elevated expression (greater than five times the 
interquartile range among all samples), whereas the Other pat- 
tern, designated 'graded', was characterized by continuously dis- 
tributed expression with patient survival (Fig. 4b). The erfcB2 and 
ReglA genes are examples of outlier expression patterns and 
SWOP and crk genes of graded patterns. The number of outliers 
per person in the top 100 genes was identified and plotted ac- 
cording to survival times and events (Fig. 4c). Both stage I and 
stage III lung adenocarcinomas showed outlier gene patterns 
and 10 tumors contained 3 or more outlier genes. 

Because gene amplification may result in increased gene ex- 
pression, the nine genes with outlier expression patterns (erf?B2, 
SI<C1A6, Wnt 1, MGB\ t ReglA, AKAP12, PACE, CYP24, KYNU) 
and one gene with a graded expression pattern (KRT1S) were ex- 
amined using quantitative genomic PCR to evaluate genomic 
copy number (Fig. 5a). Gene amplification of erf>B2 (1 7ql 2) was 
detected in tumor L94, which had the highest erbB2 mRNA ex- 
pression (Fig. 4u). Gene amplification was not detected for any 
of the other seven tested genes in tumor L94, as well as in other 
tumors. The two genes most frequently demonstrating the out- 
lier pattern in these lung adenocarcinomas were KYNU and 
CYP24, and were present in 10 and 9 tumors, respectively. 
OT24 has been described as a gene amplified and overexpressed 
in breast cancer 25 , and these results indicate elevated expression 
in lung adenocarcinoma. 

To determine whether the graded or outlier gene-expression 
patterns also occur at the protein -expression level, 10 of the 100 
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Fig. 5 Cene amplification and protein expression of survival-related genes, 
o. Analysis of potential gene amplification for 9 genes showing outlier expres- 
sion patterns in the lung tumors (erbB2, SIC1AS, Wnt 1„ MGB1, fleplA, 
AKAP} 2, PACE, CYP24 and KYNU) and examined using quantitative genomic 
PCR. A gene showing graded expression pattern (KRTl 8), and one gene 
(PACE4) with a similar chromosome location as PACE, were used as controls. 
Only erbB2 ahd fleolA are shown. An esophageal adenocarcinoma with 
known high-level genomic amplification of erbB2 was used as a positive con- 
trol and normal esophagus DNA was used as a negative control (Ctl). PCR 
fragments sizes were 343 bp for CAPDH, 1 66 bp for erbB2 and 1 26 bp for 




ffeol A DNA is.from normal lung (N) and tumorfT) from each patient (for ex- 
ample L37). b, Immunohislochemical analysis of survival related genes with 
lung adenocarcinoma microarrays using the tumors from this study. The 
transmembrane erbB2 protein (top left) expression is substantially increased 
in tumor L94 containing the amplified erbB2 gene (Fig. 4a and b). Expression 
of VECF (top right) and STOOP (bottom left) was located within the neoplas- 
tic cells and the pattern of immunoreactivity was consistent with the graded 
expression pattern demonstrated by their mRNA profiles. Expression of the 
oncogene crk (bottom right) was abundantly expressed in neoplastic lung 
cells. Magnification, x400 (erbB2); x200 (VECF, SI OOP and crk). 
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top survival genes (Table 1) for which specific antibodies were 
available were chosen for immunohistochemical analysis using 
lung-tumor arrays from this study (Fig. 5^). Expression of mem- 
brane erbB2 protein was substantially increased in the erM>2-am- 
plified tumor 194 and very low levels of expression were present 
in other tumors, consistent with mRNA- expression measure- 
ments (Fig. 4a and b): CDC6 protein expression was also sub- 
stantially higher in tumor L94; consistent with mRNA levels 
(data not shown). Expression of vascular endothelial growth fac- 
tor (VEGF) and Si OOP (Fig. 5b), as well as cytokeratin 18 (KRT18), 
cytokeratin 7 (KRT7) and fas-associated death domain (FADD) 
protein (data not shown), was located within the lung tumor 
cells and consistent with the graded expression pattern of the 
mRNA profiles. The oncogene crk showed both graded mRNA as 
well as a graded protein -expression pattern with survival, and 
was abundantly expressed in the tumor cells (Fig. 5b). These re- 
sults indicate that many survival-associated genes are expressed 
at the protein level and demonstrate similar mRNA and protein- 
expression patterns. 

Discussion 

We used several approaches for the analysis of gene-expression 
data related to clinicopathological variables and patient sur- 
vival. One approach,, hierarchical clustering, was used to exam- 
ine similarities among lung adenocarcinomas in their patterns 
of gene expression. Previous studies of lung tumors 21 - 22 have also 
used this method to describe subclasses of lung tumors. Here, 
we found three clusters that showed significant differences with 
respect to tumor stage and tumor differentiation. This suggests, 
as expected, that tumors with similar histological features of 
differentiation demonstrate similarities in gene expression. 
This feature also partly underlies the observed statistical associ- 
ation of tumor stage and cluster, as many of the higher-stage tu- 
mors, often poorly differentiated and previously associated 
with a reduced survival 9 - 10 , were located in Cluster 3. Although 
this cluster, contained the highest percentage of stage HI tu- 
mors, it also contained a nearly equal mixture of stage I and 
stage 111 tumors and not all tumors were poorly differentiated. 
This indicates that a subset of stage I lung adenocarcinomas 
share gene- expression profiles with higher-stage tumors. 
Notably, 10 of the 11 stage I tumors found in Cluster 3 were the 
high-risk stage I tumors identified using the risk index in the 
'leave-one-out' cross-validation. 

In contrast to previous analyses of lung adenocarcinomas 21 - 22 , 
we validated the expression data from the arrays. The strong cor- 
relation of northern-blot analysis and. oligonucleotide-array data 
for gene expression in the same samples (Fig. 2b) indicates that 
these studies provide robust gene- expression estimates. 
Imrminohistochemistry using the same tumor samples in tissue 
arrays demonstrates piotein expression within the lung tumor 
cells. Together, these studies indicate that many of the genes 
identified using gene-expression profiles are likely relevant to 
lung adenocarcinoma. For example, JGFBP3 gene expression is 
increased in lung adenocarcinomas (Fig. 2c). IGFBP3 protein 
modulates the autocrine or paracrine effects of insulin-like 
growth factors, elevated 1GFBP3 expression is observed in colon 
cancer" and increased serum IGFBP3 is associated with progres- 
sion in breast cancer". Heat-shock protein 70 (HSP-70) is in- 
creased in lung adenocarcinomas of smokers 28 and is associated, 
with increased metastatic potential in breast cancer 2 *. Increased 
serum lactate dehydrogenase is correlated with tumor stage and 
tumor burden 30 , and cystatin C, a cysteine protease inhibitor ex- 



pressed in human lung cancers 31 , is prognostic in some cancers 32 . 
The decreased expression of this protease inhibitor may affect 
the invasive properties of the tumor cell. 

The cross-validation analytical strategy we used is particularly 
informative for these types of gene-expression analyses for dis- 
ease outcome 33,3 *, and identification of cross-validated genes with 
a larger tumor cohort may help refine this risk index for use in a 
clinical setting. The gene-expression data also provide opportune 
ties to observe overarching patterns that advance our under- 
standing of associations between genes and disease. For example, 
the top 100 survival genes include those involved in signaling, 
cell cycle and growth,, transcription, translation and metabolism. 
Expression of many of these genes is likely a function of increased 
proliferation and, metabolism in the more aggressive tumors. 
Some genes, such as erbR2 and ReglA (Fig. 4a and b), were highly 
overexpressed in a few patients having poor survival. In one 
tumor, the erb&2 gene was amplified (Fig. 5a) t demonstrating that 
genomic changes may underlie the overexpression of a subset of 
these outlier genes, lmmunohistochemistry confirmed protein 
overexpression in this patient's tumor (Fig. 5b). Notably, seven of 
the eight outlier genes were not amplified, indicating that other 
mechanisms underlie the increased mRNA expression of these 
survival-related genes. 

Most genes showed a graded relationship between expression 
and patient Survival. Genes such as that encoding VEGF, known 
to be strongly associated with survival in lung cancer 35 * 3 * were 
identified as related to patient survival in our study. VEGF 
demonstrated a graded expression pattern, as did the S100P and 
crk oncogene (Fig. 5b). SI OOP is a calcium-regulated protein not 
previously reported in lung cancer. The crk gene, the cellular ho- 
molog of the v-crk oncogene, is a member of a family of adaptor 
proteins involved in signal transduction and interacts directly 
with c-jun N-terminal kinase 1 (JNK1) 37 . Although crk has not 
been shown to have a role lung cancer, its role in the MAP-ki- 
nase pathway, which leads to activation of matrix metallopro- 
teinase secretion and cell invasion 3 *, indicates potential 
involvement in the the tumor cell invasion or metastasis of 
some lung adenocarcinomas. Among the many genes identified 
in this study, like cr*, that may be causally involved in lung can- 
cer progression (Table 1), some were related to survival in many 
patients, and others in only smaller subsets of patients. This re- 
sult is consistent with the complex molecular architecture of tu- 
mors in general, the heterogeneity of lung adenocarcinomas in 
particular and the multiple mechanisms underlying tumor-cell 
survival, invasion and metastasis 3 *. 

Our results demonstrate that a gene-expression risk profile — 
based on the genes most associated with patient survival — can 
distinguish stage I lung adenocarcinomas and differentiate prog- 
noses. The particular genes that define the clusters, or are associ- 
ated with survival, likely reflect the characteristics of the 
particular tumors included in the analysis. Current therapy for 
patients with stage I disease usually consists of surgical resection 
without adjuvant treatment 2 * 3 . Clearly, the identification of a 
high-iisk group among patients with stage 1 disease would lead 
to consideration of additional therapeutic intervention for this 
group, possibly leading to improved survival of these patients. 

Methods 

Patient population. Sequential patients seen at the University of Michigan 
Hospital between May 1 994 and July 2000 lor stage I or stage ill lung ade- 
nocarcinoma were evaluated for this study. Consent was received and the 
project was approved by the local Institutional Review Board. Primary tu- 
mors and adjacent non- neoplastic lung tissue were obtained at the lime, of 
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surgery. Peripheral portions of resected lung carcinomas were sectioned, 
evaluated by a study pathologist and compared with routine H6E sections 
of the same tumors, and utilized for mRNA isolation. Regions chosen for 
analysis contained a tumor. cellularity greater than 70%, no mixed histol- 
ogy, potential metastatic origin, extensive lymphocytic infiltration or fibro- 
sis. Tumors were histopathologiealry divided into two categories based on 
their growth pattern: bronchial-derived, if they exhibited invasive features 
- with architectural destruction, and bronchiploalveplar, if they exhibited 
preservation of the lung architecture. All stage I patients received only sur- 
gical resection with intra-thorack nodal sampling and no other treatments. . 
Stage. Ill patients received surgical resection plus chemotherapy and radio- 
therapy. 

Gene- expression profiling and K-ros mutation analysis. RNA isolation, 
cRNA synthesis and gene-expression profiling were performed as de- 
scribed 24 . Details of gene annotation and K-ros mutation analysis are pro- 
vided in supplementary information. 

Northern-blot analysis. Total cellular RNA (1 0 jig) was separated in 1 .2% 
agarose-formaldehyde gels and vacuum-transferred to Gene Screen Plus 
(NEN Life Science Products, Boston, Massachusetts): Hybridization condi- 
tions and probe labeling were as described 40 . Individual sequence-validated 
cDNA image clones for human ICFBP3 (clone 1407750), LDH-A (clone 
2420241), cystatin C (CT53; clone 949938) were Irom Research Genetics 
. (Huntsville, Alabama). The human his tone H4 cDNA and the 28S ribosomal 
RNA 26-mer oligonucleotide probe were prepared and labeled as de- 
scribed 40 . 

Gene-amplification analysis. 1 1 genes were selected for the anarysis of ge- 
nomic alterations. Primers were designed using PrimerSelect 4.05 Windows 
32 software (DNASTAR, Madison, Wisconsin), avoiding pseudogenes or po- 
tential homologous regions. Forward and reverse primers for the genes are 
provided (Supplementary Methods online). Quantitative genomic- PC R was 
then applied and analyzed as described 41 . 

Immunohistochemical staining. The H&E- stained slides of all primary 
lung tumors were used to identify the most representative regions of each 
tumor and a tissue microarray (TMA) block was constructed as described 41 , 
immunohistochemistry (IHC) was performed using both routine and sec- 
tions from the TMA block as described 24 . Detailed methods and the con- 
centrations used for all antibodies are provided in the Supplementary 
Methods. 

Statistical methods, /-tests were used to identify differences in mean gene- 
expression levels between comparison groups. Agglomerative hierarchical 
clustering 0 was applied using the average linkage method to investigate 
whether there was evidence for natural groupings of tumor samples based 
on correlations between gene-expression profiles. To investigate the ro- 
bustness of the clustering inference, gehe-expression values were per- 
turbed by adding random Gaussian error of magnitude obtained from a 
duplicate sample to each data point and then reclustered to determine con- 
cordance in the tumor's class membership. Pearson,. % 7 and Fisher's exact 
tests were used to assess whether cluster membership was associated with 
physical and genetic characteristics of the tumors. 

To determine whether gene-expression profiles were associated with 
variability in survival times, 2 separate but complementary approaches 
were used. In the first approach, the 86 tumors were randomly assigned to 
equivalent training and testing sets consisting of equal numbers of stage I 
and III tumors in order to validate a novel risk-index function that captured 
the effect of many genes at once. In the second approach, cross-validation** 
was used to more, robustly identify the genes associated with survival. 
Briefly, a 'leave-one- out' cross-validation procedure in which 85 of the 86 
tumors (the training set) was used to identify genes that were univariatery 
associated with survival. The risk index was defined as a linear combination 
of the gene-expression values for the top genes identified by univariate Cox 
proportional- hazard regression modeling**, weighted by their estimated re- 
gression coefficients. Kaplan-Meier survival plots and log-rank tests were 
then used to assess whether the risk-index assignment to high/low cate- 
gories was validated in the test set. A more detailed description is provided 
(Supplementary Methods online). 



Note: Supplementary information is available on the Nature Medicine website. 



Acknowledgments 

We thank D. Sanders for technical assistance; D. Sing for assistance with the 
figures; and C. Omenn for critical reading of this manuscript. This work was 
supported by Notional Cancer Institute grant U1 9 CA-85953 ond the Tissue 
Core of the University of Michigan Comprehensive Cancer Center (NIH CA- 
469S2). 

Competing interests statement 

The authors declare that they hove no competing financial interests. 
RECEIVED 5 APRIL; ACCEPTED 14 JUNE 2002 

1. Fry, W.A., Phillips, J.L & Menck, HJt. Ten-year survey of lung cancer treatments 
and survival in hospitals in the United States. Cancer 86, 1 867-1 876 (1999). 

2. Williams, D.E. ef ol Survival of patients surgically treated for stage I lung canceK /. 
Thorac. Cardhvosc. Surg. 82, 70-76 (1981). 

3. Pairolero, P.C. et at. Postsurgical stage I bronchogenic carcinoma: Morbid fmpBca- 
tions of recurrent disease. Ann, Thorac. Surg. 38, 331-338 (1984). 

4. Naruke, T. et at Prognosis and survival in resected carcinoma based on the new in- 
- ternational staging system. J. Thorac. Cordiovasc. Surg. 96, 440--447 (1988). 

5. Kaiserm.ann, M.C. et of. Evolving features of lung adenocarcinoma in Rio de Janeiro, 
Brazil. Oncot. Rep. 8, 189-192 (2001). 

6. Roggli, V.L et at. Lung cancer heterogeneity: A blinded and randomized study ol 
100 consecutive cases. Hum. Pathol. 16, 569-579 (1985). 

7. Gail, M.H. et at. Prognostic factors in patients with resected stage I non-small cell 
lung cancer: A report from the Lung Cancer Study Group. Cancer 54, 1802-1813 
(1984). 

8. Takise, A. ef ol Histopathologic prognostic factors in adenocarcinomas of the pe- 
ripheral lung less than 2 cm in diameter. Cancer 61, 2083-2088 (1 988). 

9. lchinose, Y. et ok Is T factor of the TMN staging system a predominant prognostic 
factor in pathologic stage I non-small cell lung cancer. J. Thorac. Cordiovasc Surg. 
106,90-94(1993). 

1 0. Harpole, D.H. et at. A prognostic model of recurrence and death in stage I non- 
small cell lung cancer utilizing presentation, hislopathotogy, and oncoprotein ex- 
pression. Cancer Res. 55, 51-56 (1 995). s 

1 1 . Rodenhuis, S. et at. Mutational activation of the K-ros oncogene: A possible patho- 
genic factor in adenocarcinoma of the lung. N. Engl. f. Med. 317, 929-935 (1 987). 

1 2. Slebos, R.J.C. et at. K-ros oncogene activation as. a prognostic marker in adenocarci- 
* noma of the lung. N. Engl. /. Med. 323, 561-565 (1990). 

1 3. Horio, Y. et al. Prognostic significance of p53 mutations and 3p deletions in primary 
resected non-small cell lung cancer. Cancer Res. 53, 1—4 (1993). 

14. Kern, l-A. et of. C-erbB-2 expression and codon 12 K-ros mutations both predict 
shortened survival for patients with pulmonary adenocarcinomas. /. Gin. Invest. 93, 
516-520(1994). 

' 15. Ebina, M et ol. Relationship of p53 overexpresson and up-regulation of proliferat- 
ing cell nuclear antigen with the clinical course of non-small cell lung cancer. 
Cancer Res. 54, 2496-2503 (1 994). 

1 6. Mehdi, 5.A. et al. Prognostic markers in resected stage I and II non-small cell lung 
cancer: an analysis of. 260 patients with 5 year follow-up. Clin, lung Cancer 1, 
59-67(1997). 

17. Schneider, P.M. ef al. Multiple molecular marker testing (p53, c-Ki-ros, c-erbB-2) 
improves estimation of prognosis in potentially curative resected non-small cell , 
lung cancer. Br. J. Cancer 83, 473-479 (2000). 

18. Herbst, R.S. ef at. Differential expression of E-cadherin and type IV collagenase 
genes predicts outcome in patients with stage I non-small cell tung carcinoma. O'tn. 
Con. Res. 6, 790-797 (2000). 

19. Liotta, L. & Petricion, E. Molecular profiling of human cancer. Nature Rev. Genet. T, 
48-56(2000). 

20. Golub, 7.R. Editorial: Genome-wide views of cancer. N. Engl. ). Med. 344, 601-602 
(2001). 

21. Bhattacharjee, A. et al. Classification of human lung carcinomas by mRNA expres- 
sion profiling reveals distinct adenocarcinoma subclasses. Proc. Noll. Acod.Sd. USA 
98, 13790-13795(2001). 

22. Garber, M.L et ol. Diversity of gene expression in adenocarcinoma of the lung. 
Proc. Not I. Acad. Set. USA 98, 1 3784-1 3789 (2001 ). 

23. Mills, N.E. el ol. Increased prevalence of K-roi oncogene mutations in lung adeno- 
carcinoma. Concer Res. 55, .1444-1 44 7 (1995). 

24. Giordano l.f. el ol. Organ-specific molecular classification of lung, colon and ovar- 
ian adenocarcinomas using gene expression profiles. Am. J. Pothot. 159, 
1231-1238(2001). 

25. Albertson, D.G. et ol. Quantitative mapping of amplicon structure by array CGH 
identifies CYP24 as a candidate oncogene. Nature Cenet. 25, 144-146 (2000). 

26. Kansra, 5. et at. IGFBP-3 mediates IGF pi proliferative response in colon cancer 
cells. Int. J. Cancer 87, 373-378 (2000). 

27. Vadgama |.V. et ol. Plasma insulin-like growth faclor-l and serum IGF-binding pro- 
tein 3 can be associated with the progression of breast cancer, and predict the risk 
of recurrence and the probability of survival in African-American and Hispanic 



NATU.RE MEDICINE • VOLUME 8 • NUMBER 8 • AUGUST 2002 



823 



ARTICLES 



women. Oncology 57, 330-340 (1 999). 

28. Volm, M., Maltern, L H Stammlef, C. Op-regulation of heat shock protein 70 in 
adenocarcinoma of the lung in smokers. Anticancer Res. 15, 2607-2609 (1 995). 

29. Ciocca, D.R. et ol Heat shock protein hsp70 in patients with auxiliary lymph node- 
positive breast cancenprognostic implications. /. Noti Cancer. tnsL 85, 570-574 
(1993). 

30. Rotenberg, Z.etal. Total lactate dehydrogenase and its isoenzymes in serum of pa- 
tients with non-smaD ceU lung cancer. Cm. Chem. 34, 668-670 (1 988). 

31. Krepda, I. et at. Cysteine proteases and cysteine protease inhibitors in non-small 
cell lung cancer. Neoplasia 45, 318-331 (1998). 

32. Kos, J. et ol Cysteine proteinases and their inhibitors in extracellular fluids: Markers 
for diagnosis and prognosis in cancer. Int. I Biol. Marker* 15, 84-89 (2000). 

33. Cotub, T.R. et ol Molecular classification of cancer Class discovery and class pre- 
diction by gene expression monitoring. Jc/ence286, 531-537 (1999). 

34. Hedenfalk, I. et ol Gene-expression profiles in hereditary breast cancer. N. Engl ). 
Med. 344, 539-548 (2001). 

35. Ohta, Y. et ai. Vascular endothelial growth factor and rymph node metastasis in pri- 
mary lung cancer. Br. /. Cancer. 76, 1 04 1 - 1 045 (1 99 7). 

36. Shibusa, T., Shijubo, N. & Abe, S. Tumor angiogenesis and vascular endothelial 
growth factor expression in stage I lung adenocarcinoma. Qiru Cancer Res. 4, 



1483-1487(1998). 

37. Cirardin, S.E. & Yaniv, m. A direct interaction between |NK1 and Crkll is critical for 
Racl-induced JNK activation. LMBO /. 20, 3437-3446 (2001). 

38. Liu, L er of. The Ras-mitogerr-activated protein kinase pathway is critical for the ac- 
tivation of matrix metalloproteinase secretion and the invasiveness in v-ak-trans- 
formed 3Y1 . Cancer Res. 60, 2361-64 (2000). 

39. Hanahan, D. & Weinberg, R.A. The halJmarks.of cancer. Ce0 1 00, 57-70 (2000). 

40. Hanson, LA. et at Expression of the glucocorticoid receptor and K-ras genes in ure- 
than-induced mouse lung tumors and transformed ceil lines. Exp. Lung. Res. 17, 
371-387(1991); 

41. Lin, L et of. A minimal critical region of the 8p22-23 amplkon in esophageal ade- 
nocarcinomas defined using STS-ampfifkation mapping and quantitative PCR.. in- 
cludes the GATA-4 gene. Cancer Res. 60, 1 341-1 347 (2000). 

42. Kononen, |. et ol Tissue microarrays for high throughput molecuter profiling of 
tumor specimens. Nor we Med. A, 844-84 7 (1 998). 

43. lohnson, R. ft Wichern, D.W. Applied Multivariate Statistical Anolysis. 543-578 
(Prentice HaD, New Jersey, 1988). 

44. Stone, M. Asymptomks lor and against cross-validation. Biometrika 64, 29-38 
(1977). 

45. Cox, D.R. Regression models and life tables. /./?. Stat. Soc. 34, 187-220 (1972). 



824 



NATURE MEDICINE - VOIUME 8 - NUMBER 8 • AUGUST 2002 



Vb/. 18 no. 4 2002 
Pages 585-596 



Analysis ofmRNA expression and protein 
abundance data: an approach for the comparison 
of the enrichment of features in the cellular 
ppputetion of proteins and transcripts 

Dov Greenbaum 3 -*, Ronald Jansen and Mark Gerstein 1 2 >* 

1 Departments of Molecular. Biophysics & Biochemistry, 2 Computer Science and 
3 Genetics, 266 Whitney Avenue, Yale University, PO Box 2081 14, New Haven, 
CT 06520, USA • 

Received on July 2, 2001 ; revised on October 5, 2001; accepted on October 22, 2001 




ABSTRACT 

Motivation: Protein abundance is related to mRNA 
expression through many different cellular processes. 
Up to now, there have been conflicting results on how 
. correlated the levels of these two quantities are. Given that 
expression and abundance data are significantly more 
complex and noisy than the underlying genomic sequence 
information, it is reasonable to simplify and average them 
in terms of broad proteorhic categories and features (e.g. 
functions or secondary structures), for understanding their 
relationship. Furthermore, it will be essential to integrate, 
within a common framework, the results of many varied 
experiments by different investigators. This will allow one 
to survey the characteristics of highly expressed genes 
and proteins. 

Results: To this end, we outline a formalism for merging 
and scaling many different gene expression and protein 
abundance data sets into a comprehensive reference . 
set, and we develop an approach for analyzing this in 
terms of broad categories, such as composition, function, 
structure and localization. As the various experiments are 
not always done using the same set of genes, sampling 
bias becomes a central issue, and our formalism is 
designed to explicitly show this and correct for it. We apply 
our formalism to the currently available gene expression 
and protein abundance data for yeast. Overall, we found 
substantial agreement between gene expression and 
protein abundance, in terms of the enrichment of structural 
and functional categories. This agreement, which was 
considerably greater than the simple correlation between 
these quantities tor individual genes, reflects the way 
broad categories collect many individual measurements 
into simple, robust averages. In particular, we found 

*To whom correspondence should be addressed. 
1 These authors contributed equally to this work. 



that in comparison to the population of genes in the 
yeast genome, the cellular populations of transcripts and 
proteins (weighted by their respective abundances, the 
transcriptome and what we dub the translatome) were both 
enriched in: (i) the small amino acids Val, Gly, and Ala; 
(ii) low molecular weight proteins; (iii) helices and sheets 
relative to coils; (iv) cytoplasmic proteins relative to nuclear 
ones; and (v) proteins involved in 'protein synthesis/ 'cell 
structure,* and 'energy production.' 
Supplementary information: http://genecensus.org/ 
expression/translatome 
Contact: mark.gerstein@yale.edu 

INTRODUCTION 

High throughput experimentation, measuring mRNA 
(Schena et ai, 1995; Eisen and Brown, 1999; Ferea 
and Brown, 1999; Lipshutz et ai, 1999) and protein 
expression (Anderson and Seilhamer, 3997; Futcher et ai, 
1999; Gygi et ai, 1999a; Ross-Macdonald et ai, 1999; 
Lopez, 2000; MacBeath and Schreiber, 2000; Nelson 
et ai, 2000; Zhu et ai, 2000) are currently the single 
richest source of genomic information. However, how to 
best interpret this data is stiJJ an open question (Basseti 
et ai, 1996; Wines and Friedman, 1999; Zhang, 1999; 
Gerstein and Jansen, 2000; Searls, 2000; Sherlock, 2000; 
Claverie, 1999; Einarson and Golemis, 2000; Epstein and 
Butow, 2000; Shapiro and Harris, 2000). Understanding 
how protein abundance is related to mRNA transcript 
levels is essential for interpreting gene expression, protein 
interactions, structures and functions in a cellular sys- 
tem (Hatzimanikatis et ai, 1999). Moreover, as protein 
concentration is the more relevant variable with respect 
to enzyme activity, it connects genomics to the physical 
chemistry of the cell (Kidd et ai, 2001). Protein abun- 
dance may also be invaluable for diagnostics and for 
determining drug targets (Corthnls et at., 2000). 
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Previously, we surveyed the . population of protein 
features — such as folds, amino acid composition, and 
functions — in yeast, and other recently sequenced 
genomes (Gerstein, 1997, 19988,0; Gerstein and Hegyi, 
1998; Hegyi and Gerstein, 1999; Das and Gerstein, 
2000; Lin and Gerstein, 2000), and we extended this 
concept to compare the population of features in the 
yeast transcriptome to that in the genome (Drawid et 
ai f 2000; Jansen and Gerstein, 2000). Others have also 
done related work (Frishman and Mewes, 1997; Tatusov 
et al y 1997; Jones, 1998; Wallin and von Heijne, 1998;. 
Frishman and Mewes, 1999; Wolf et ai f 1999). Here, we 
present a new methodology to compare the features of the 
mRNA expression population with the protein abundance 
population. 

Precise terminology is essential for this comparison. 
Unfortunately, 'proteome* is used inconsistently. Pro- 
teome can logically be used to describe all the distinct 
proteins in the genome (Qi et ai y 1996; Cavalcoli et ai 7 
1997; Fey et ai, 1997; Garrels et ai 7 1997; Gaasterland, 
1999; Jones, 1999; Sali, J999; Tekaia et al y 1999; 
Bairoch, 2000; Cambillau and Claverie, 2000; Doolittle, 
2000; Pandey and Mann, 2000; Rubin et al, 2000) and, 
in this context, it is equivalent to what others may refer 
to as the coding part of the genome. However, in papers 
on two-dimensional (2D) electrophoresis, it is often used 
to describe the sum total of proteins in a cell, taking 
into account the different levels of protein abundance 
(Shevchenko et ai, 1996; Gygi et ai, 2000a; Lopez, 
2000; Washburn and Yates, 2000). In an effort to be clear, 
we propose the term 'translatome* for this second usage 
of proteome.. 

With this definition, we are able to refer compactly to 
three different cellular populations. These are illustrated 
in Figure 1 . . 

(i) We use the term genome when we refer to the 
population of open reading frames, where each ORF 
counts once. 

(ii) We use the term transcriptome when we refer to 
. the population of mRNA transcripts. This term was . 
originally coined by Velculescu et al. (1997). Note 
that each ORF may give rise to different numbers 
of transcripts. Consequently, the transcriptome is 
essentially the same as the genome but with each 
ORF weighted by its expression level. 

(iii) The next level is the cellular population of proteins. 
As each protein represents a translated transcript, 
we make an analogy with the term transcriptome 
and use the term translatome as described above 
to describe this third population. Thus, the trans- 
Jatome is a subset of the genome where each 
ORF is weighted by its associated level of protein 
abundance. 



Note that one could also, less compactly call the trans- 
latome a 'weighted proteome.* However, doing so assumes 
one of the two aforementioned definitions of proteome. To 
avoid ambiguity, we studiously avoid the use of proteome 
altogether in the paper. 

Differences between the translatome and the transcrip- 
tome exist given that transcripts from different genes 
can give rise to different numbers of proteins, due to 
different rates of translation and protein degradation. 
Post-transcriptionaL modifications further affect the 
translatome. 

In our analysis of the transcriptome and translatome, we 
focus on global protein features rather than the compari- 
son of individual genes. Previous analyses have shown that 
differences between mRNA expression and protein abun- 
dance levels can be quite dramatic for individual genes. 
. This may either be due to the noise in the data or to funda- 
mental biological processes. However, our analyses show 
that the variation between transcriptome and translatome 
is much smaller for global properties that are computed by 
averaging over the properties of many individual genes. 

METHODS 
Data sources used 

For our analysis we culled many divergent data sets,, 
representing protein abundance and mRNA expression 
experiments and also other sources of genome annotation. 
These are all summarized in Table 1 . 

Biases in the data 

The databases that annotate the specific genes may 
not always be accurate (lshii et ai, 2000). Gene Chip 
experiments suffer with regard to cross hybridization 
and the saturation of probes. SAGE data degrades for 
lowly expressed mRNAs. 2D gels are unable to resolve 
membrane proteins (approximately 30% of the genome) 
and basic proteins (Gerstein, 1998c; Krogh et ai 7 2001). 
In addition, the procedures for identification and quan- 
tification of the protein spots are subject to uncertainties 
(Haynes and Yates, 2000). Human biases include the 
lack of low abundance proteins (Fey and Larsen, 2001 ; 
Gygi et ai y 2000b; Harry et ai, 2000) and the differences 
between laboratories in sample preparation. Our reference 
expression data set attempts to resolve these problems. 

Data set scaling 

A reference set for mRNA expression. With many differ- 
ent mRNA expression data sets available, it is worthwhile 
to integrate them into a single unified reference set, with 
the intention of reducing the noise and errors contained in 
the individual data sets and to obtain a unified estimate of 
the normal expression state in a cell. 
We adopt an iterative scaling and merging formalism, 
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Fig. 1. Schematic overview of the analysis. On the left-side we outline the terms we use to describe the process of gene expression. The 
coding section of the genome is transcribed into a population of mRNA transcripts called the 'transcriptome/ The transcripts in turn are 
translated to a population of proteins; we use the term 'translatome' for this protein population rather than the alternative 'proteome* because 
the latter term may be confounded with the protein complement of the genome (which is not necessarily associated with a quantitative 
abundance level). 

The matrix in the middle schematically shows an analysis of the three stages of expression. In general, we define a protein 'population' as 
a set of genes associated with a corresponding number of expression or abundance levels ("weights'): In the matrix each row represents a 
weight and each column a gene set. Id particular, we differentiate between the mRNA reference expression set (GmR^A = ^Gcd)» which 
essentially covers the complete genome, and the reference protein abundance set (Gp^) which contains the proteins in data sets 2-DE #1 and 
2-DE #2 (see Table 1) because the protein abundance set is a significantly smaller subset of the genome. By definition, this subset contains 
only proteins that can be identified by 2-D gel electrophoresis and is therefore biased in this sense. The enrichment figures throughout this 
paper, through a comparison of the right- and left- sides of this figure, show the results of the experimental biases of 2D gels on the data set. 
Each pie chart represents a composition of a particular protein feature F (for instance, an amino acid composition) in a population (represented 
by the symbol /i). We can further look at the 'enrichment' of this feature in one population relative to another (represented by the symbol A, 
see Section 'Methods' for an explanation of the formalism). 



which we summarize below. We present a more detailed 
review of the methods on our web site. 
. We start with the values of one gene chip data set t/,- 
where / is used throughout as a subscript to denote gene 
number. We then transform the values of the next Gene 
Chip data set X; to Y; with the following non-linear regres- 
sion: min (Yi - £/,) 2 with Y t = AXf where A and B 
are the parameters of (he regression. Note that two Gene 
Chip sets may not be defined for the same set of genes, 
" so we have to perform the fit only over the genes com- 
mon to both sets. The motivation for scaling is that the 
dynamic range of observed expression levels varies some- 
what between different data sets, although cell types and 
growth conditions are very similar. Reasons for dispar- 
ity may include different calibration procedures for relat- 
ing fluorescence intensity to a cellular concentration (mea- 
sured in copies of transcripts per cell) or different pro- 
tocols for harvesting and reverse- transcribing the cellular 
mRNA. 

We (hen merge and average the data to create a new 



reference set V as follows: 

If U; and Yi are both defined for gene i and — — < or 

Yi + Us 

Then V; = £(y f +'(/,-). 
Else if only Yi exists, V; = X, 
EIseV,=^. 

As presented above, where only one data set has a value 
for the corresponding ORF, we incorporated that value 
and did not exclude it. When both data sets have values 
for an ORF, we averaged the values if they were within 
15% of each other; otherwise, we just stayed with the 
original chip data set U t . We used a — 15% in order to 
prevent outliers from skewing the result. This 15% value is 
a reasonable threshold for excluding outliers though other 
values (e.g. 10 or 20%) would give similar results (data 
not shown). Other data sets are subsequently included in 
the same procedure, continuing the iteration from the new 
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expression values V;. The initial iteration starts with the 
Young Expression Set, as t/,-, since we have the highest 
confidence in its accuracy. 

The SAGE data (Velculescu et al. y 1997) was not 
included in the above procedure since it is of a funda- 
mentally different nature. An advantage of the SAGE 
technology over Gene Chips is that there is no possible 
signal saturation for high expression levels, as is possible 
for chips (Futcher et al y 1999). Conversely, SAGE values 
are less reliable for lowly expressed genes since there 
is a chance that one might not sequence a SAGE tag 
corresponding to such a gene altogether. Therefore, if 
after the last iteration, the average Gene Chip expression 
level Vi was both above a certain threshold fi and below 
the SAGE expression level S- t for the same gene, it was re- 
placed with the SAGE value; otherwise the average Gene 
Chip value was kept. This gave us our final expression 
set WmRNA * Our treatment of the SAGE data is modeled 
after that in Futcher et al (1999), and like them, we used 
P = 16. 

This incorporation of the SAGE data into the reference 
data set ensures that the highly expressed outliers are as 
accurate as possible. 

Rather than plain arithmetic averaging, this overall scal- 
ing procedure with the a cutoff avoids 'artificial averages' 
that combine very different values for a particular gene. 
Some expression values might be statistical outliers. In 
addition, it may be possible that the expression levels of ) 
a variety of genes can only be within mutually exclusive 
ranges or modes, such as when two alternative pathways 
are switched on or off. Simply averaging these would give 
values that are Jess representative of the particular mode 
values. This situation is analogous to that in averaging 
together an ensemble of protein structures (i\e from NMR 
structure determination). Each structure could be stereo- 
chemical ly correct, with all side-chain atoms in predefined 
rotamer configurations. However, an average of all struc- 
tures could yield one that is stereochemically incorrect if 
this involved averaging over particular side-chains in dif- 
ferent rotameric states. 

With regard to our regression analysis, we have investi- 
gated both non-linear and linear fits but found a non-linear 
procedure to be more advantageous. The non-linear rela- 
tionship between different expression data sets perhaps 
reflects saturation in one or more of the. Gene Chips — not 
an uncommon phenomenon. This non-linearity is imme- 
diately evident on scatter plots of two data sets againsl 
one another (see website). Accordingly, the non- linear 
fit produces a smaller residual than the linear fit: 98 297 
(non-linear) versus 122 182 (linear) for the scaling of the 
Church data set and 59 828 (non-linear) versus 67 462 
(linear) for the Samson data set. 



A reference set for protein abundance. We followed a 
similar procedure to calculate a reference protein abun- 
dance set from the two gel electrophoresis data sets. We 
first scaled the two data sets against the mRNA expres- 
sion reference data set, getting regression parameters Cj 
and Dy. 

i 

where the subscript j indicates the data set 2-DE #1 or 
2-DE #2 respectively; Pjj is the protein abundance value 
in data set j y and u/ m RNA,i the corresponding reference 
expression value, and Cj and Dj are the parameters of 
the non-linear regression. 

Using these parameters, we transformed the values of set 
2-DE #2 onto 2-DE # J. Then we combined both sets into 
the reference protein set wp^i by averaging them, if both 
values existed. Otherwise, by using the existing value, viz: 



Wrou = {Pij + G,\2)/2 if both P iA and Q L2 exist: 
Else if only P lt j exists, wpnn.i — Pi, ] 
Else if Q L2 exists, wj^u = Qi,2- 

Enrichment of features 

Formalism. In the next part of our analysis, we want 
to group a number of proteins together into various 
categories based on common features and characterize 
those features that are enriched in one population relative 
to another, i.e. the translatome population of proteins 
as measured by 2D gels relative to the transcriptome 
population of transcripts or the genome population of 
genes. To this end, we set v up a formalism that could 
be applied universally to all the attributes that we were 
interested in. Due to the limitations of the experiments, 
the translatome, transcriptome, and genome populations 
are defined on different sets of genes, and sometimes we 
want to remove this Selection bias 1 by forcing them to be 
compared on exactly the same set of genes. This is a key 
aspect of our formalism as presented in Figure 1 . 

We call an entity like fw, G] a 'population/ where G 
is a set describing a particular selection of genes from the 
genome and w is vector of weights associated with each 
element of this population. In particular, we focus on three 
main populations here: 

(i) (J, Cocn] is the population of genes in the genome, 
all 6280 genes weighted once (w = ]); 

(ii) fw mRNA , GmRNAJ is the observed population of the 
transcripts in the transcriptome, i.e. the 6249 genes 
in the reference expression set weighted by their 
reference expression value; 
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(in) [wproi, Op sol ] is the observed cellular population of 
the proteins in the (ranslatome, i.e. the 181 genes 
in the reference abundance set weighted by their 
reference abundance value. 

(The set of genes in the genome Gcen is approximately 
equal to the genes in set G m RNA, such that we can use 
both symbols interchangeably.) We can also use this nota- 
. tion to describe specific experiments — e.g. [W| ac z, G\ ac z] 
describes the gene set and weights relating to the transpo- 
son abundance set. 

Furthermore, we define Fj as the value of a feature F 
in ORF j. For example, F could be the composition 
of leucine (a real number) or a binary value (0 or J) 
indicating whether an ORF contains a trans-membrane 
segment. Given these definitions, the weighted average of 
feature F in population [w, G),is: 



M(f t [w, G])s 



eG ' 



The weighted averages of two populations [w, G] and 
[v, S) can be compared by simply looking at their relative 
difference A: 



A{F, [v, SI [w, G]) = 



M(^ [v, G]) 



where v and w are weights for the sets of ORFs S and.G 
respectively. We call A the 'enrichment' of feature F 
because it indicates whether F is enriched (if A is 
positive) or depleted (if A is negative) in population [v, S) 
relative to [w, GJ. 

Usually, the gene set G is defined by the particular 
experiment, for which the weight w was measured. 
However, it is also possible to combine the gene set 
associated with one experiment with expression levels 
from another set. One may want to do this to compute 
(he enrichment only on the genes common to both 
; populations, for which there are defined values for both w 
and v, viz: A{F, {v, S O G], [w, S O G]). In practice, 
this is most relevant for comparing Gp^ and GmRNA- 
Since Gp TOt is completely a subset of G m RM A , we need 
not explicitly deal with intersections if we calculate all 
statistics directly over Gp rD i. 

One can adjust the weight vectors to take into account 
different types of averaging. For instance, when com- 
puting ihe amino acid composition (F = an) from (he 
amino acid compositions of individual ORFs Fj = aaj 
(V/ 6 G), we weight by ORF lengib. In the case of. 
expression weights, we have: 

wj = NjW m wAj vy e G 

where Nj is a measure of the length of ORF j (such as the 
number of amino acids). 



On the other hand, when computing the average molec- 
ular weight per amino acid, we need to normalize by the 
number of amino acids per ORF, which is equivalent to 
choosing the following weights: 



vy eG. 



Application of methodology to quantitative 
abundance sets 

Having defined our formalism, we applied it to a diverse 
set of protein features in yeast. . 

Amino acid enrichment. As shown in Figure 2a, we used 
our methodology to measure the enrichment of individual 
amino acids in both the translatome and the transcriptome 
relative to the genome. We found that three amino acids — • 
valine, glycine and alanine-^-were consistently enriched in 
both transcriptome and translatpme populations. 

In Figure 2a we compare different gene sets. In Fig- 
ure 2b we focus mainly on the variation in enrichments 
when all the comparisons are restricted to the set of 181 
genes (Gpn* O G m RNA = <?Pn>t) common to all data sets. 
Thus, the differences between the populations now only 
reflect the effects of differential transcription of certain 
genes and differential translation of certain transcripts. 
We find here an enrichment specifically of cysteine in the 
translatome in relation to the transcriptome. 
To measure the statistical significance of the results on 
. amino acid enrichment, we have performed a control anal- 
ysis on a randomized data set (Figure 2d). We randomly 
permutated the expression values of the ORFs 1000 times 
and then recomputed the enrichments. This allowed us to 
compute distributions for the amino acid enrichments and, 
from integrating these, one-sided p-values indicating the 
significance of the observed enrichments. 

Amino acid enrichment in Transposon data set. We 
also tried to extend our methodology, ineffectively, to. 
cope with the semi-quantjtaiive Transposon set. We used 
only those 450 ORFs that consistently yielded either no 
expression or high expression, as binary data, on or off. We 
show the enrichments of amino acids computed from this 
filtered Transposon abundance set in Figure 2a. Overall, 
ihe enrichments from this set seemed to be attenuated in 
comparison to other data. 

Biomass enrichment. A corollary to amino acid enrich- 
ments is the determination of (he average biomass of the 
transcriptome and translatome populations (shown .in Fig-" 
ure 2c). We found that the average molecular weight of 
a protein in both populations was, on average, lower than 
in the genome population. These preliminary observations 
suggest a cell preference to use less energetically expen- 
sive proteins for those thai are highly transcribed or trans- 
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Fig. 2. Amino acid and biomass enrichment, (a) Shows the amino acid enrichments between different populations as indicated by the legend 
to the right of the plot (the legend is ordered in the same way as the schematic illustration in Figure 1). The bars indicate the enrichment of the 
transcriptome relative to the genome, whereas the circles indicate the enrichment of the translatome relative to the genome. In addition, we 
also show the enrichment for protein abundance from the Transposon abundance set, represented, by the circles with the line through them, 
(b) Shows a different view of amino acid enrichment from that contained in (a), now focusing on changes, and thus restricting the comparison 
to the genes common to all the data sets. The graph is ordered according to the enrichment from transcriptome to translatome (black squares). 
We focus here only on the changes for the abundance gene set (Gp^) to exclude the effects that arise from looking al different subsets. In this 
view the enrichments from genome to transcriptome (white squares) and from genome to translatome (white diamonds) look more similar 
than do the analogous sets in (a). To make comparison with (a) easier we again show the enrichment from genome to the transcriptome for 
the complete gene set (G Gen . shown in bars), (c) Shows biomass enrichment. The left panel depicts the average molecular weight per ORF 
(in units of kDa) and the right panel, the average molecular weight per amino acid (in units of Daltons) in each of the three stages of gene 
expression. The numbers inside the circles indicate the average molecular weights. The values next to the arrows indicate the enrichments 
in biomass between different populations. Both the circle diameters and the arrow widths are functions of the corresponding values (the 
hollow arrow indicates a positive value). It is very clear that the average molecular weight per ORF is much lower in the translatome (by 20 
or 1 5%) and transcriptome (by 29%) than in the genome. This relative depletion of biomass mainly takes place as a result of transcription; the 
effect of translation is less clear, depending on the populations compared. On the other hand, the depletion in the average molecular weight 
per amino acid (-3.3% from genome to translatome) is an order of magnitude smaller than in the average weight per ORF. This shows' 
that the yeast cell favors the expression of shorter ORFs over longer ones, and agrees with our earlier observation that there is a negative 
correlation between maximum ORF length and mRNA expression (Jansen and Gerstein, 2000); it seems that this effect mainly takes place 
during transcription rather than translation, (d) This plot shows thai the amino acid enrichments are statistically significant. We have assessed 
Significance by randomly permuting the expression levels among the genes and then recomputing the amino acid enrichments. This procedure 
can be repeated and used to generate distributions of random enrichments that can then be compared against the observed enrichments. In 
the plot the gray bars represent the observed enrichments already shown in Figure 3a. On top of the gray bars we show standard boxplots 
of ennchment distributions based on 1000 random permutations, (the middle line represents the distribution median. The upper and lower 
sides of the box coincide with the upper and lower quartiles. Outliers are shown as dots and defined as data points that are outside the range 
of the whiskers, the length of which is 1.5 the interquartile distance.) Based on the random distributions, we can compute one-sided p- values . 
for the observed enrichments. Amino acids for *hich the values are less than !0~ 3 are shown in bold font. 



Jated. However, we also found that the average molecu- 
lar weight per amino acid differed much less.between the 
transcriptome and the translatome on (he one hand, and the 



genome on the other hand (though it was still slightly less). 
This finding indicates thai lower molecular weights in the 
translatome and transcriptome relative to the genome are 
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predominantly due to greater expression of shorter pro- 
teins rather than the incorporation of smaller amino acids. 

Secondary, structure composition. We also used our 
methodology to study the enrichment of secondary- 
structural features. Secondary structural annotation was 
derived from structure prediction applied uniformly to all 
the ORFs in the yeast genome as described in Table J . 
As shown in Figure 3a, all three populations— genome, 
transcriptome, and translatome — had a fairly similar 
composition of secondary structures — sheets, helices, and 
coils. The differences between populations were marginal 
and based only on the small subset of genes. 

We also found that Transmembrane (TM) proteins 
were significantly depleted in the transcriptome (see 
website and caption). These results are. consistent with 
our previous analyses (Jansen and Gerstein, 2000). The 
protein abundance data does not have any membrane 
proteins. 

Subcellular localization. Figure 3c shows the enrich- 
ment of proteins associated with the various subcellular 
compartments. For clarity, we divided the cell into five 
distinct subcellular compartments, (see Table 1). We 
found that, in comparison to the genome, both the tran- 
scriptome and translatome are enriched in cytoplasmic 
proteins. This is true whether we make our comparisons in 



relation to the relatively large reference mRNA expression 
set or the smaller reference protein abundance set. As 
Figure 3e shows, the 2D gel experiments are clearly 
biased towards proteins from the cytoplasm. However, in 
the biased subset Gprot transcription and translation lead 
to an even higher fraction of cytoplasmic proteins in the 
translatome. 

Functional categories. Finally, we compared the enrich- 
ment of various functional categories in both the trans- 
latome and the transcriptome (see Figure 3b). This gives 
us a broad yet informative view of the cell as a whole. As 
described in Table 1, we used the top-level of the MIPS 
scheme for the functional category definitions. We found 
broad differences between the various populations, with 
some of the functional categories showing strikingly high 
enrichments. 

DISCUSSION AND CONCLUSION 

We developed: (i) a methodology for integrating many dif- 
ferent types of gene expression and protein abundance into 
a common framework and applied this to a preliminary 
analysis; (ii) a procedure for scaling and merging different 
mRNA and protein sets together; and (iii) an approach for 
computing the enrichment of various proteomic features in 
the population of transcripts and proteins. We showed that 
by analyzing broad categories instead of individual noisy 
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Fig. 3. Breakdown of the transcriptome and translalome in terms of broad categories relating to structure, localization, and function. AH 
of the subSgures are analogous to the schematic illustration in Figure I. (a). Represents the composition of secondary structure in the 
different populations, (b) Represents the distribution of subcellular localizations associated with proteins in the various populations. We used 
standardized localizations developed earlier (Drawid and Gerstein, 2000), which, in turn, were derived from the MIPS, YPD, and SwissProt 
databases (Bairoch and Apweiler, 2000; Costanzo et at. r 2000; Mewes et aL, 2000). The subcellular localization has been experimentally 
determined for less than half of the yeast proteins, so our analysis applies only to this subset, (c) Shows the division of ORFs into different 
functional categories (according to the MIPS classification) in the various populations. Only the largest functional categories of the top level 
of the MIPS classification are shown. The group 'other* contains the smaller top-level categories lumped together. This 'other* group is 
different from the group 'unclassified/ which contains genes without any functional description. 



data points, we could find logical trends in the underlying 
data. For example, individual transcription factors might 
have higher or lower protein abundance than one expects 
from their mRNA expression, but the category 'transcrip- 
tion factors' as a whole has a similar representation in the 
transcriptome and translatome. 

We found, as previously described (Futcher et aL, 1999; 
Gygi et aL, 1999b; Greenbaum et aL, 200)), a weak 
correlation between individual measurements of mRNA 



and protein abundance. The outliers of this correlation 
tend to be associated with ceHuJar organization. One 
might conceive of using these outliers (i.e. those with 
significantly different transcriptional and translational 
behavior) to find consensus regulatory sequences. One 
possible method would involve using predicted mRNA 
structures (Jaeger et aL, 1990; Zuker, 2000) to find and 
investigate consensus structural elements in these outliers 
to which the yeast translational machinery is known to be 
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Tabid. Data sets 



'Data set 



Description 



Size [ORFs) 



Reference 



mRNA expression 
Young 

Church 

Samson 

SAGE 

Reference expression 

Protein abundance 
2-DE#l 

2-DE#2 
Transposon ■ 

Reference abundance 

Annotation 

Annotated localization 

TM segments 

MIPS functions 

GOR secondary structure 



Gene chip profiles yeast cells with 
mutations that affect transcription 
. Gene chip profiles of yeast cells 
under four different conditions 

Comparing gene chip profiles for 
yeast cells subjected to alkylating agent 

Yeast cells during vegetative growth 

Scaling and integrating the mRNA 
expression set into one data source 



Measurement of yeast protein 
abundance by 2D gel 
electrophoresis and mass spectrometry 
Similar t6 2-DEset#l 

Large-scale fusions of yeast genes 
with tacZ by transposon insertion 
Scaling and integrating the 2-DE 
data sets into one data source 



Subcellular localizations of yeast 
proteins 

Predicted TM and 
soluble proteins in yeast 
Functional categories for yeast 
ORFs 

Predicted secondary structure 
yeast ORFs 



5455 

6263 

6090 

3778 
6249 

156 

71 
1410 

181 



2133 
(6280) 

2710 
(6280) 

3519 
(6194) 

6280 



HolstegcrfflU1998) 
Roth rt a/. (1998) 
Jelinsky and Samson (1999) 
Velculescu«ra/.(1997) 

GygirtdL(1999a,b) 

Futcher el a/. (1999) 
Ross-Macdonald et ai (1999) 



Drawid and Gerstein (2000) 
Gerstein (1998a,b,c) 
Mewes et ai (2000) 
Gerstein (1998a,b,c) 



This table provides an overview of the data sets used in our analysis. The table is divided into three sections. The top section lists different mRNA expression 
sets. The middle section shows the protein abundance data sets used. The bottom section contains different annotations of protein features. The column 'Data 
set' lists a shorthand reference to each data set used throughout this paper. The next columns contain a brief description of the data sets, the number of ORFs 
contained in each of them, and the literature reference. In contrast to the other data we investigated, the reference expression and abundance data sets have 
been calculated for the purpose of our analysis (see text). An expanded version of the table is available on our web site. 
Some further information on the genome annotations: 

Localization. Protein localization information from YPD, MIPS and SwissProt were merged, filtered and standardized (Bairoch and Apweiier, 2000; 
Costanzo et ai, 2000; Mewes et ai, 2000) into five simplified compartments — cytoplasm, nucleus, membrane, extracellular (including proteins in ER and 
golgi), and mitochondrial— according to the protocol in Drawid et ai (2000). This yielded a standardized annotation of protein subcellular localization for 
2 1 33 out of 6280 ORFs. 1 

TM segments. In 2710 oui of 6280 yeast ORFs TM segments are predicted to occur, ranging from low to high confidence (732 ORFs). The TM prediction was 
performed as follows: the values from the scale for amino acids in a window of size 20 (the typical size of a TM helix) were averaged and then compared 
against a cutoff of - 1 kcal moP 1 . A value under this cutoff was taken to indicate the existence of a TM helix. Initial hydrophobic stretches corresponding to 
signal sequences for membrane insertion were excluded. (These have the pattern of a charged residue within the first seven, followed by a stretch of 14 with 
an average hydrophobtcity under the cutoff.) These parameters have been used, tested, and refined on surveys of membrane protein in genomes. 'Sure* 
membrane proteins had at least two TM-segments with an average hyefrophobicity less than -2 kcal mol"' (Rost et a/., 1995; Gerstein et al.. 2000; Santoni 
et ai, 2000; Senes et ai, 2000). m 

Functions. MIPS functional categories have been assigned to 3519 out of 6194 ORFs. (The remainder are assigned to category '98* or -'99,* which 
corresponds to unclassified function.) 



sensitive (McCarthy, 1998). 

ln relation lo functional categories, we found three 
trends that were particularly notable: (i) the 'cellular 



organization/ 'protein synthesis,' and 'energy production' 
categories were increasingly enriched as we moved from 
genome to transcriptome to transJatome. In the transcrip- 
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tome and translatome population relative to the genome; 

(ii) proteins with 'unclassified function* are significantly 
depleted, perhaps reflecting a bias against studying them; 

(iii) proteins in the 'transcription' and 'cell growth, cell 
division, and DNA synthesis* categories were consistently 
depleted. This reflects the fact that many of these proteins, 
such as transcription factors, act as 'switches' such that 
only small quantities of the protein are necessary to 
activate or deactivate a process. These results concur with 
previous calculations (Jansen and Gerstein, 2000) wherein 
we found the transcriptome is enriched specifically with 
proteins involved in protein synthesis and energy. 

Limitations given the small size of the protein 
abundance data 

Even with the extended coverage made possible by 
merging many data sets together into reference sets, the 
analysis is still limited by the minimal data. This was 
most applicable to the protein abundance measurements, 
potentially biasing our statistical results towards certain 
protein families. Moreover, the 181 proteins in Gproi do 
not represent a random sample. They are skewed towards 
highly expressed, well-studied proteins. Our methodology 
attempts to control for this gene-selection bias through 
our enrichment formalism, which allows one to rather 
precisely gauge various aspects of the bias. Conversely, 
many protein features in both the translatome and the . 
transcriptome are dominated by highly expressed proteins. 
Under these circumstances, it is often sufficient to look at 
this smaller number of dominating proteins to characterize 
the whole population. This is similar to the development of 
I he codon adaptation index for yeast (Sharp and Li, 1 987). 
While based on only 24 highly ^expressed proteins, it has 
proven to be robust in predicting expression levels for the 
entire genome. 

We believe that the essential formalism and approach 
that we develop will remain quite relevant for future data 
sets* (Smith, 2000). 
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Abstract 

Lung cancer is the most common cause of cancer death 
in developed countries. The prognosis is poor, with less than 
15% of patients surviving 5 years after diagnosis. The poor 
prognosis is attributable to lack of efficient diagnostic meth- 
ods for early detection and lack of successful treatment for 
metastatic disease. Most patients (>75%) present with stage 
III or JV disease and are rarely curable with current ther- 
apies. Within the last decade, rapid advances in molecular 
biology, pathology, bronchology, and radiology have pro- 
vided a rational basis for improving outcome. These ad- 
vancements have led to a better documentation of morpho- 
logical changes in the bronchial epithelium before development 
of clinical evident invasive carcinomas. This has changed our 
concept of lung carcinogenesis and emphasized the multistep 
carcinogenesis approach on several levels. Combined with 
the technical developments in bronchoscope techniques, 
e.g., laser-induced fluorescence endoscope (LIFE) bronchos- 
copy, we now have improved methods to localize preinvasive 
and early-invasive bronchial lesions. With the LIFE bron- 
choscope, a new morphological entity (angiogenic squamous 
dysplasia) has been recognized, which might be an impor- 
tant biomarkcr and target for antiangiogenic chemopreven- 
tive agents. To reduce the mortality of lung cancer, these 
new technologies have been taken into the clinic in different 
scientific settings. The use of low-dose spiral computed to- 
mography in the screening of a high-risk population has 
demonstrated the possibility of diagnosing small peripheral 
tumors that are not seen on conventional X-ray. A shift in 
the therapeutic paradigm from targeting advanced clinically 
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manifest lung cancer toward asymptomatic preinvasive and 
early-invasive cancer is occurring. The present article re- 
views the recent advances in the diagnosis of preinvasive and 
early-invasive cancer to identify biomarkers for early detec- 
tion of lung cancer and for chemoprevention studies. 

Introduction 

Lung cancer is the most common cause of cancer deaths in 
the countries of North America and other developed countries, 
accounting for 29% of all cancer deaths and more deaths than 
from prostate, breast, and colorectal cancer combined in the 
United States (I). Lung cancer, will be diagnosed in —170,000 
new patients in the United States in the year 2000, and < 15% of 
them will survive 5 years after diagnosis (1). The prognosis for 
the patients with lung cancer is strongly correlated to the stage 
. of the disease at the time of diagnosis. Whereas patients with 
clinical stage I A disease have a 5-year survival of about 60%, 
the clinical stage 1MV disease 5-year survival rate ranges from 
40% to less than 5% (2). Over two-thirds of the patients have 
regional Jymph-node involvement or distant disease at the lime 
of presentation (3). The poor prognosis is largely attributable to 
the Jack of effective early detection methods and the inability to 
cure metastatic disease. The unsatisfactory cure rates supports 
efforts aimed at early identification and intervention in lung 
cancer. 

Historically, the only diagnostic tests available for the 
detection of lung cancer in its early stages were chest radiogra- 
phy and sputum cytology. The efficacy of these tesls as mass 
screening tools was evaluated in controlled trials sponsored by 
the NCI 3 and conducted at Johns Hopkins University, Memorial 
Sloan-Kettering Cancer Center, and the Mayo Clinic during the 
J 970s (4-6). The principal goal of these studies was to deter- 
mine whether a reduction in lung cancer mortality could be 
achieved by adding sputum cytology testing to annual screening 
by chest radiography. Results from these trials showed that both 
tests could detect presymplomatic, early-stage carcinoma, par- 
ticularly of squamous cell type. Resectability and survival rates 
were found to be generally higher in the study groups than in the 
control, groups. However, improvements in resectability and 
survival did not lead to a . reduction in overall lung cancer 
mortality, the most crilical end point. A subsequent study of 
6346 Czcchoslovakian male smokers also found no reduction in 
lung cancer mortality after dual screening by chest radiography 



? The abbreviations used are: NCI, National Cancer Institute; CIS, 
carcinoma in situ; Cf, computed tomography; ASD, angiogenic squa- 
mous dysplasia; TSG. rumor suppressor gene; LOU, loss of heterozy- 
gosity: hnRNP, heterogeneous nuclear ribonucleoprotein; SPLC, second 
primary lung cancer: BAL. broncboalveolar lavage; SCLC. small cell 
lung carcinoma: WLB. white light bronchoscopy; LIFE. laser- induced 
fluorescence endoscope; ELCAP. Early Lung Cancer Action Project: 
PET. positron emission tomography: FDG, ['"FJfluoro^-deo.xyelucose. 
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and sputum cytology (7). The negative results from these 
screening studies lead the NO and other health policy and 
research groups to conclude that mass screening programs in- 
volving periodic sputum cytological evaluation and chest radio- 
graphs could not be justified. However, controversies in the 
methodology and interpretation of the data from these studies 
have later been extensively discussed (8, 9). One additional 
study of annual chest X-ray screening is currently being con- 
ducted by the NCI; The Prostate-, Lung-, Colorectal-, and Ovar- 
ian (PLCO) screening trial. This trial includes individuals 55-74 
years old, but they are not selected for this trial on the basis of 
high risk for lung cancer {e.g., smoking history with >20 
pack-years). 

The failure of clinical trials to demonstrate the efficacy of 
sputum cytology and chest radiography as mass screening tools 
has resulted in a search for better diagnostic approaches for 
early lung cancer detection that take advantage of recent devel- 
opments in molecular biology, gene technology, and radiology 
(10). Furthermore, as has been the case for mammography 
screening for breast cancer, it has also been important to identify 
risk groups for lung cancer. 

Although, much is known about predisposing factors, nat- 
ural history, and the outcome based on histology and stage, our 
understanding remains very incomplete in many areas. What are 
the early premalignant changes molecularly, biochemically, and 
■ morphologically? Which changes are reversible and which are 
not? What research tools are available to provide answers to 
these questions? The identification of preinvasive lesions allows 
for developing promising methods for early intervention (11). 
The therapeutic paradigm and focus are today shifting from 
targeting only clinically verified lung cancer as previously to- 
ward targeting the premalignant and early- malignant lesions. 
Furthermore, the prospect of lung cancer screening has today 
become more meaningful as a consequence of recent develop- 
ments in biology and radiology and better possibilities to define 
high-risk populations most suitable for lune cancer screening 
(12). 

The present article will focus on the clinical perspectives of 
our biological knowledge of premalignant and early-malignant 
lesions and the potential of the recent technological advance- 
ment for early diagnosis of lung cancer. 

Pathology of Preinvasive and Early Invasive 
Bronchial Lesions 

Most of the efforts to classify lung cancer have been 
directed toward invasive carcinoma (13). However. betteT un- 
derstanding of the pathogenesis of lung cancer aroused renewed 
interest in morphological abnormalities that fall short of inva- 
sive carcinoma but may indicate initiation of carcinogenesis. 
These morphological abnormalities are referred to as preinva- 
sive lesions and are shown in Fig. I. The last edition of the 
WHO classification of lung rumors included the classification of 
preinvasive lesions as a separate section. Numerous recent stud- 
ies, have indicated that lung cancer is not the result of a sudden 
transforming event in the bronchial epithelium but a multistep 
process in which gradually accruing sequential genetic and 
cellular changes result in the formation of an invasive {i.e., 
malignant) tumor. Mucosal changes in the large airways that 



may precede or accompany invasive squamous carcinoma in- 
clude hyperplasia, metaplasia, dysplasia, and CIS (14): Hyper- 
plasia of the bronchial epithelium and squamous metaplasia 
have generally been considered reversible, and not premalignant 
. . in the sense of squamous dysplasia and CIS (15). 

Squamous metaplasia is a common finding, especially as a 
response to cigarette smoking. Peters et al (16) studied bron- 
choscope biopsies from six sites in 106 heavy cigarette smok- 
ers; Squamous metaplasia was noted at one or more biopsy sites 
in approximately two- thirds of the group; and one-fourth 
showed squamous metaplasia in three or more biopsy sites. The 
incidence of squamous metaplasia increased with smoking his- 
tory and was highest in individuals who had smoked more than 
two packs of cigarettes a day, Auerbach et al (17) noted similar 
findings in autopsy tissues: basal cell hyperplasia and squamous 
metaplasia are increased in smokers in proportion to smoking 
history. Hyperplasia and metaplasia are believed to be reactive 
changes in the bronchial epithelium, as opposed to true preneo- 
plastic changes (17, 18). The reasons for this include: (a) they 
are frequently found in association with chronic inflammation, 
and may be induced by mechanical trauma; {b) they spontane- 
ously regress after smoking cessation; (c) in chronic smokers, 
the molecular changes present in these lesions are similar to 
those present in histologically normal epithelium; and {d) there 
are no reports linking their presence to increased risk for devel- 
oping lung cancer! In contrast, moderate- to-severe dysplasia and 
CIS lesions seldom regress after smoking cessation ( 1 9). 

Dysplasia and CIS are changes that frequently precede 
squamous cell carcinoma of the lung. Saccomarmo et al (20) 
studied more than 50,000 samples from 6,000 men. many of 
whom had worked in the uranium mining industry. Both smok- 
ing and uranium mining (radon exposure) were found to be 
associated with increased incidence of dysplasia, CIS, and in- 
vasive cancer. The studies of Saccomanno et al established that 
increasing degrees of sputum atypia may be recognized an 
average of 4-5 years before the development of frank lung 
carcinoma. 

Another question is: which grades of spurum atypia pro- 
gress, to cancer? From the Johns Hopkins cohort of the NCI 
chest X-ray/sputum screening trial, we know that among indi- 
viduals with moderate atypia on spurum screening, — 1 0% de- 
veloped known cancer up to 9 years later. Among individuals 
with severe atypia on the sputum screening, >40% developed 
known cancer during the same time period (21). Although there 
are data in the literature showing the relationship between 
sputum atypia and subsequent invasive cancer, there is still very 
little information about the histological progression in the bron- 
chial mucosa in the high risk populations. In a recent publica- 
tion, nine patients with CIS were followed with autofluores- 
cence bronchoscopy at regular intervals, and 5 (56%) had 
progression to invasive cancer despite endobronchial therapy 
(22). The number of invasive cancers might even have been 
higher if treatment had not been not given. Ongoing studies of 
high-risk subjects {e.g., the Colorado sputum cohort study) 
including serial follow- up bronchoscopies will provide evidence 
related to the frequency of development of invasive lung cancer 
as it relates to smoking history, airflow obstruction, and sputum 
atypia. 

Since the previous WHO-cIassification was published in 
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Fig. I A, squamous metaplasia. The 
cells are widely dispersed, with a reg- 
ular maturation from the basal region 
to the top. There is keratinization, and 
the nuelei/cy»oplasmic ratio is low. B, 
moderate dysplasia with ASD. Hyper- 
ceJlufariry of the epithelium with in- 
complete maturation and micropapil- 
lary invasion of capillaries are seen. 
The nuclei/cytoplasm ic ratio is high. 
C, severe dysplasia. There is marked 
pleomorphism of the cells with irregu- 
larity and prominent nucleoli. 
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1981, two nonsquamous lesions have been added to the WHO 
classification of premalignant lesions: atypical alveolar hyper- 
plasia and diffuse idiopathic neuroendocrine cell hyperplasia 
(13). Both of these lesions are diagnosed rarely. The former 
consists of lesions <5 mm in diameter and composed of a 
peripheral epithelial cell proliferation with minimal cytological 
atypia or stromal response and resembles bronchioloalveolar 
carcinoma* The lesion has been seen in rung specimens resected 
for rung cancer, but no prospective significance, of this lesion 
has been reported. However, this morphological lesion may play 
a role for the pathogenesis of peripheral lung adenocarcinomas 
(23, 24). The resolution of spiral CT (currently about 3 mm) 
approaches the diameter of these lesions, and it is anticipated 
that atypical alveolar hyperplasia will be increasingly encoun- 
tered in subjects undergoing this procedure (25). Diffuse idio- 
pathic neuroendocrine cell hyperplasia consists of a patchy 
increase in the number of well -differentiated neuroendocrine 
cells in the bronchioles. This process may result in the formation 
of small carcinoid tumors, and for this reason it is considered 
"preinvasive." To date, small cell carcinomas have not been 
associated with this lesion (13). 

Recently, the use of fluorescence bronchoscopy (see be- 
low) has increased the recognition of dysplastic lesions in the 
large airways and a new morphological entity, ASD, was iden- 
tified (26). Dysplasia of bronchial epithelium in "micropapillo- 
matosis" and the possible link between angiogenesis and prein- 
vasive bronchial epithelial dysplasia were recognized as early as 
1983 by Muller and Muller (27), who also described the ultra- 
structure of these lesions. Jt has been suggested that this angio- 
genesis, which is recognized as capillary loops projecting into 
the dysplastic bronchial lining, is responsible for the reduced 
fluorescence seen in dysplastic lesions by LIFE bronchoscopes 
(Figs. 1 and 3; Ref. 26). Future prospective studies will show 
whether this morphological entity is correlated with a progres- 
sion lo lung cancer so as to be a target for the use of antiangio- 
genic agents for chemoprevention. 

In general, there are several questions/problems relating to 
premalignant lesions, which will be addressed in. future studies: 

(a) The morphological criteria for premalignant and early- 
malignant changes, both on sputum cytology and in bronchial 
biopsies, have to be validated for intra- and interobserver repro- 
ducibility. 

(b) Uniform and reproducible morphological/cytological 
criteria have to be published more extensively, and a training set 
of slides should be available. By the use of Internet technology, 
this could be more easily facilitated (28). 

(c) The correlation of sputum atypia and histological 
changes in the bronchi in high-risk population is not well 
defined. 

{d) The natural course of preinvasive changes in the bron- 
chi from the high risk subjects needs to be clarified through 
longitudinal, prospective studies with reference to histological 
changes in the bronchi. Ongoing longitudinal studies with flu- 
orescence bronchoscopy and multiple biopsies with histology 
and other biomarkers will define the ability of these markers to 
assess for risk. 

(e) What is the pathology/biology of the small, often pe- 
ripherally located, tumors (3 mm in diameter), which are more 



often diagnosed with newer radiological techniques (e.g. t low- 
dose spiral CT)? 

(/) Optimization of the tissue procurement and processing 
. techniques are important Distinction of reactive from neoplastic 
processes is usually straightforward, but diagnostic difficulties 
may arise in the case of (a) inadequate or poorly prepared 
histological material to evaluate and (b) the presence of cyto- 
logical atypia in epithelium, stimulated by inflammation, viral 
infection, radiation, or chemotherapy. 

(g) DNA array analyses of gene expression: will it be 
useful? How to collect proper mRNA? Can mRNA extracted 
from microdissected cells obtained at bronchoscopy be globally 
amplified and still remain representative of RNA present in situl 

Biology of Lung Carcinogenesis and Potential Early 
Detection Markers 

Lung cancer is the end-stage of multiple-step carcinogen- 
esis, in most cases driven by genetic and epigenetic damage 
caused by chronic exposure to tobacco carcinogens. The genetic 
instability in human cancers appears to exist at two levels: at the 
chromosomal level, including large scale losses and gains; and 
at the nucleotide level including single or several base changes 
(29). Lung cancers harbor many numerical chromosomal abnor- 
malities (aneuploidy) and structural cytogenetic abnormalities 
including deletions and nonreciprocal translocations (30). At 
least three classes of cellular genes are involved: proto-onco- 
genes, TSGs, and DNA repair genes. Oncogenic activation often 
occurs via point mutations, gene amplification, or chromosomal 
rearrangement, whereas TSGs are classically inactivated by the 
loss of one parental allele combined with a point or small 
mutation or aberrant methylation of a target TSG in the remain- 
ing allele. Additionally, dysregulaled gene expression (either 
increased or decreased expression) can occur by other, as yet 
unknown, mechanisms (30). Present studies have not yet con- 
finned a prominent role for abnormalities of DNA repair genes 
in lung cancer. 

Preneoplastic cells contain several molecular genetic ab- 
normalities identical to some of the abnormalities found in overt 
lung cancer cells (Fig. 2). These include allele. loss at several 
loci (3p, 9p, 8p, and I7p), myc and ras up-regulation, cyclin Dl 
overexpression, p53 mutations, and increased immunoreactiv- 
ity, bcl-2 overexpression and DNA aneuploidy (31-35). AlleJo- 
typing of precisely microdissected. preneoplastic foci of cells 
suggests that the earliest changes in the bronchial epithelium is 
allele loss at chromosome regions 3p, then 9p, 8p, 17p, 5q, and 
then ras mutations (36-39).The biological meaning of LOH is 
only vaguely understood. Recent evidence suggests that LOH 
may be a consequence of mitotic recombination, that there is . 
only infrequent physical loss of genetic loci, and that LOH 
probably precedes chromosomal duplication (40). Allelic loss 
would thus be significant primarily in the presence of mutation 
in the retained allele, and gene dosage would not be expected to 
exert a phenotypic effect in LOH. Some reports have indicated 
that ras activation occurs at early carcinoma stages (34). His- 
tologically normal bronchial epithelium adjacent to cancers has 
also been shown to have certain genetic losses. Atypical ade- 
nomatous hyperplasia, the potential precursor lesion of adeno- 
carcinomas, often have Ki-ras mutations (41). 
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Fig. 2 Sequential changes during lung cancer pathogenesis. Although multiple genetic markers are abnormal in lung cancers, their appearance during 
the lengthy preneoplastic process varies. The timing of the appearance of these changes has been investigated in bronchial preneoplasia, because 
sequential sampling of the peripheral lung is technically difficult. Several alterations have been described in histologically normal bronchial epithelium 
of smokers. Other changes have been detected in slightly abnormal epithelium (hyperplasia, metaplasia) which we do not consider to be true 
premalignant lesions. These changes are regarded as early changes. Molecular changes detected frequently in dysplasia are regarded as intermediate 
in timing, whereas those usually detected at the CIS or invasive stages are regarded as late changes. It should be stressed that although there is a usual 
order, exceptions regarding the timing of onset may occur. Some changes are progressive, such as chromosome 3p deletions. Thus small discrete 
changes are present early, progressively become more extensive during pathogenesis, and frequently involve all or almost all of the arm in CIS 
samples. Although allelic loss at the TP53 locus may precede the onset of mutations, data on this sequence are scant. Dysregulation of the RNA 
component of telomerase (with its appearance in nonbasal cells) is an early event, whereas up-regulation of the gene is a relatively late event. 
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Molecular changes have been found not only in ihc lungs 
of patients with lung cancer, but also in the lungs of current and 
former smokers without lung cancer (IS. 42, 43). These obser- 
vations are consistent with the multistep model of carcinogen- 
esis and "field cancerization" process, whereby the whole region 
is repeatedly exposed to carcinogenic damage (tobacco smoke) 
and is at risk for developing multiple, separate, clonally unre- 
lated foci of neoplasia. The widespread aneuploidy that occurs 
throughout the respiratory tree of smokers supports this theory 

(44) . However, the presence of the same somatic p53 point 
mutation at widely dispersed preneoplastic lesions in a smoker 
without invasive lung cancer indicates that expansion of a single 
progenitor clone may spread throughout the respiratory tree 

(45) . These molecular alterations might thus be important 
targets for use in the early detection of lung cancer and for use 
as surrogate biomarkers in the follow-up of chemoprcvention 



studies. Detection of these mutant cells should be possible with 
the different molecular techniques in accessible specimens. The 
prospects of diagnosing these biological abnormalities in mul- 
tiple types of clinical specimens are discussed below. 

Specimens for Clinical Testing: Sputum 

Since the 1930s, cytological examination of sputum has 
been used for the diagnosis of lung- cancer (46). Cytological 
examination of sputa, especially multiple samples, is helpful for 
the detection of central tumors arising from the larger bronchi 
{e.g., squamous cell- and small cell carcinomas). Exfoliated 
cells from peripheral tumors, such as adenocarcinomas, arising 
from the smaller airways (small bronchi, bronchioles, and alve- 
oli), especially those less than 2 cm in diameter, can be detected 
only, occasionally in sputum samples. This has become of 
greater importance because the changes in cigarette exposition 
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(filters and decreased nicotine content) have created an increase 
in adenocarcinomas and a decrease in squamous carcinomas 
(47-49). The sensitivity of sputum cytology for early lung 
cancer is only in the 20%-30% range from screening studies, 
but by adhering to proper specimen collection, and processing 
and interpreting criteria, the yield can be substantially improved 
(50, 51). The data on the reliability of the sputum are conflicting 
(52-54). Browroan et ah (52) reported interobserver agreement 
of 68% for exact and 82% for within - 1- category. Hblliday et 
ah (54) reported low agreement within observers (27-60%) and 
across observers (13-50%). Within - I - category intraobserver 
agreement underwent a two- or 3-fold increase in agreement, 
which was also the case for interobserver agreement. The var- 
iation in intra- and interobserver agreement seems to depend on 
experience among the cytotechnicians/cytopathologists and the 
composition of categories studied. A higher degree of agreement 
is obtained for higher grades of dysplasia (54). Risse et ah (55) 
showed that the ability to detect premalignant conditions is 
dependent on the number and type of cells present in the deeper 
airways, suggesting a mode of improvement that is unrelated to 
observer reliability. MacDougalJ et al (56) concluded that spu- 
tum cytology was too insensitive and insufficiently accurate to 
be included in the routine work-np of any patient suspected of 
having lung cancer. To improve the reliability of sputum cytol- 
ogy examinations a simplification of the diagnostic categories 
from 6 (normal; squamous metaplasia; mild, moderate, and 
severe atypia; and carcinoma) to 2-3 categories have been 
proposed (54). Future clinicopathological studies will be re- 
quired to validate this concept. 

To improve the sensitivity of sputum examination as a 
population-screening tool for the detection of early lung cancer, 
several approaches are currently under development. 

Immunostaining. Annual sputum specimens obtained 
from individuals screened at Johns Hopkins were obtained, and 
the patients were monitored for 8 years (57). Because the 
clinical outcome of these patients was known, archival sputum 
specimens were screened for the presence of biomarkers that 
could indicate the presence of lung tumors in an early, preinva- 
sive stage. In an attempt to distinguish the pattern of marker 
expression Tockman et ah (58) studied two monoclonal anti- 
bodies. Positive staining predicted subsequent lung cancer ap- 
proximate ry 2 years' before clinical recognition of the disease, 
with a sensitivity of 91% and a specificity of 88% (58). One of 
these antibodies (703 D4) had a higher sensitivity and was later 
identified as recognizing hnRNP A2/B1 (59). The role of 
hnRNP A2/B1 overexpression for detecting preclinical lung 
cancer has been studied in a large high-risk population including 
6000 Chinese tin miners who were heavy smokers and who had 
an extraordinary rate of lung cancer (60). The results from this 
study indicated that detection of hnRNP A2/BI overexpression 
in sputum epithelium cells was 2- to 3 -fold more sensitive for 
detection of lung cancer than standard chest X-ray and sputum 
cytology methods. The method was particularly effective in 
identifying early disease (60). The sensitivity was 74% versus 
21% for cytology and 42% for chest X-ray: However, the 
biomarker had a lower specificity (70%) compared with cytol- 
ogy (100%) and chest radiograph (90%). An ongoing clinical 
trial is evaluating the performance of the A2/B1 protein as a 
biomarker for the early detection, of SPLC The patients at risk 



for SPLC have the highest incidence of lung cancer (2-5%) 
among asymptomatic populations (61). In this trial, 13 SPLCs 
were identified by A2/B1, and the sensitivity and specificity 
were 77-82%. a^id 65-81%, respectively. Among the cases 
. identified as positive by immunocytochernistry and image cy- 
tometry, 67% developed SPLC within 1 year (62). Whereas the 
previous immunocytochemistry studies on material from the 
older screening material from the NCI-supported screening 
studies were made on sputum cells cytologically classified with 
moderately or gravely atypical metaplastic apjiearance, the latter 
studies have been done on cytologically ^normal appearing** 
cells. More recently Sueoka et ah (63) reported the confirmation 
of the value of overexpression of hnRNP A2/B1 to detect 
preclinical lung cancer in Japan. Efforts to improve the sensi- 
tivity of hnRNP markers are ongoing (64). . 

PCR Techniques. PCR techniques have been used for 
the evaluation of molecular biomarkers for early hing, cancer 
detection. In a pilot study with selected patients from the Johns 
Hopkins Lung Project (JHLP), 8 (53%) of 15 patients .with 
adenocarcinoma or large cell carcinoma were detected by mu- 
tations in sputum cells from 1 to 13 months before clinical 
diagnosis (65). However, the method seemed to be less sensitive 
than the protein marker described above, and the identification 
of specific gene abnormalities is further limited by the need to 
know the specific mutation sequence with which to probe the 
sputum specimens. Currently, this approach is not practical for 
screening undiagnosed individuals. Future advances in gene 
chip technology may permit testing for all possible mutations of 
common oncogenes and TSGs in clinical specimens of asymp- 
tomatic individuals (62). 

Microsatellite markers are small repeating DNA sequences 
found in the noncoding regions of a gene. PCR amplification of 
these repeat sequences provides a rapid method for assessment 
of LOH and facilitates the mapping of suppressor genes (66, 
67). Microsatellite alterations are extension or deletions of these 
repeated elements. Detection of microsatellite alterations in 
histological or cytological specimens may facilitate the detec- 
tion of clonal preneoplastic or neoplastic cell populations. Al- 
though the detection of microsatellite alterations does not indi- 
cate the specific genetic change in the tumor, detection of clonal 
cell populations might serve as a cancer screening marker (65). 
Identical alterations have been found in lung cancers and cor- 
responding sputum samples demonstrating minimal atypia (68). 
The pI6 gene is located on the short arm of chromosome 
9(9p21) and is frequently mutated or inactivated in rumors and 
cell lines derived from lung cancer (69, 70). Belinsky et ah (71) 
measured hypermeihylaljon of the CpG islands in the sputum of 
lung cancer patients and demonstrated a high correlation with 
early stages of non-small cell lung cancer, which indicated that 
p!6 CpG hypermethylation could be useful in the prediction of 
future lung cancer. However, prospective studies are needed to 
evaluate the role of p!6 hypermethylation as a marker for early 
lung cancer detection. Multiple other genes are inactivated by 
hypermethylation in lung cancer (72), and the detection of 
hypermethylation may be useful for risk assessment and early 
diagnosis. 

Computer-assisted Image Analysis. Computer-assisted 
image analysis was initially used to detect malignancy- associ- 
ated changes (e.g., subvisual or nonobvious changes in the 
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distribution of DNA in the nuclei of histologically normal cells 
in the vicinity of preinvasive or invasive cancer; 73). In a 
retrospective analysis of sputum cytology slides, malignancy- 
associated changes alone correctly identified 74% of the sub- 
jects who later developed squamous cell carcinoma (74). The 
technique has been improved, and recent data showed sensitiv- 
ities of 75% for stage 0/1 lung cancer and 85% for adenocarci- 
nomas with a specificity of 90% (75). This quantitative micros- 
copy technique allows the examining of thousands of cells per 
slide within a relative short time. Similar techniques have been 
approved in the United States for cervical cancer screening, and 
. might, in the future, play a role for lung cancer screening. 
However, no prospective clinical studies has evaluated this 
technology in a larger lung cancer screening setting; 

High Throughput Technology. With future advances in 
^ene chip . technology, it might become feasible to probe for 
expression of multiple genes in sputum specimens of asymp- 
tomatic individuals. However, this requires a large amount of 
undegraded RNA from respiratory tract cells. With the high 
throughput technology, a higher sensitivity might be achieved 
by using multiple markers at the cost of achieving a lower 
specificity, which would be undesirable for a screening study. 

In conclusion, we need to reevaluate the role of sputum 
cytology for screening and early detection of lung cancer be- 
cause of advances in bi ©markers and technology. Ongoing stud- 
ies with standard and biomarker analysis in high-risk groups 
might change the previous negative attitude and provide a new 
perspective on sputum cytology as a mass screening tool when 
applied in a high- risk population. Adding different molecular 
diagnostic tests gives the possibility for early diagnosis far in 
advance of clinical presentation. However, validation of the 
tests in larger prospective studies is necessary, and the individ- 
ual tests have to be compared with each other to define the role 
of early diagnosis in the overall management of high-risk sub- 
jects. Furthermore, health economic issues have to be consid- 
ered. 

Specimens for Clinical Testing: BAL 

BAL involves the infusion and reaspiration of a sterile 
saline solution in distal, segments of the lung via a fiberoptic 
bronchoscope. Ahrendl et at. (76) examined a series of 50 
resected non-SCLC tumor patients and compared the tumor and 
BAL with regard to molecular markers including p53 mutations, 
K-ras mutation, the methylation status of the CpG island of the 
pJ6 gene, and microsatellite alteration (Tables 1 and 2). With 
the possible exception of the test for microsatellite alteration, all 
of the tests had relatively high sensitivity and could delect 
mutant cells in the presence of a large excess of normal cells. 
The frequencies of these changes in the tumors, ranged from 
27% (for K-ras mutations) lo 56% (for p53 mutations). As 
expected, p53 mutations were more frequent in central (predom- 
inantlysqnamous cell) rumors, and K-ras mutations were more 
frequent in peripheral (predominantly adenocarcinoma) tumors. 
The specificity was high (nearly 100%) because, with the ex- 
ception of microsatellite alterations, the same genetic change in 
BAL sample as in tumors was always found, but the sensitiviry 
was low, and in only 53% of tumors that contained molecular 
lesions were the same abnormalities detected in corresponding 
BAL fluids. Specifically, the tests were least helpful in the 



group of patients in whom improved diagnostic abilities are 
most needed, those with small, peripherally located tumors (77). 
Unfortunately, the investigators were not able to compare the 
molecular tests with routine cytopathological analysis of the 
BAL specimens. The sensitivity of the molecular tests in BAL 
specimens has to be improved, and we need to know the results 
from subjects at increased risk (current and former smokers 
without lung cancer and survivors of previous cancer of the 
upper respiratory tract) and subjects with chronic lung diseases 
as well as results from healthy never smokers. 

A European group has previously shown that genetic al- 
terations detected in DNA from bronchial lavage of individuals 
with lung cancer were also found in individuals with no evi- 
dence of malignant disease (78), which raises the question about 
the specificity of such molecular damage in neoplastic condi- 
tions. To improve the sensitivity and specificity of detecting 
allelic imbalance in lung tumors, high throughput PCR : based 
microsatellite assays have been established (79). Jn a recent 
study by Fielding et at. (80), the up-regulation of hnRNP A2/B1 
was found to be a promising marker in BAL for the detection of 
premalignant and malignant bronchial lesions with a diagnostic 
sensitivity of 96% and a specificity of 82%. 

It is too early yet to niake conclusions as to whether BAL 
examinations will add to other pathological/molecular biologi- 
cal clinical studies. To obtain diagnostic material for BAL 
bronchoscopy is required, and we do not have any data that 
compare BAL examinations with biopsies. Thus, we do not 
know whether BAL is a valuable adjunct to the biopsies taken 
under the same bronchoscopy procedure. 

Specimens for Clinical Testing: Peripheral Blood 

For many years scientists have searched for a lung cancer- 
specific tumor marker that could be delected in peripheral blood. 
Optimism was raised in the "early" immunocytochemistry era 
by the use of monoclonal antibodies raised against more-or-less 
specific epithelial epitopes. In the search for epithelial cells in 
peripheral blood and bone marrow, monoclonal antibodies ' 
against cytokeratin have been used. However, these reactions 
are clearly not cancer-specific, and some antibodies have been 
shown to cross-react with normal blood or bone marrow ele- 
ments (81, 82). Another explanation could be that cells from the 
macrophage/monocyte system may contain proteins derived 
from the primary tumor that have undergone necrosis and 
apoptosis and that these processed proteins are recognized by 
ihe antibodies (82). On the basis of "traditional" immunocyto- 
chemistry, no markers have been aWe to detect premalignant or 
early- malignant disorders based on a peripheral blood sample. 
However, with the development of DNA technologies, new 
possibilities have been raised, and. with the use of PCR tech- ' 
niques. some promising reports have been published. 

Nanogram quaniities of DNA circulating in blood are pres- 
ent in healthy individuals (83, 84). Tunior DNA is also released 
into the plasma component in increased quantifies (85, 86). 
Thus, the plasma and serum of cancer patients is enriched in 
DNA, an average four times the amount of free DNA as com- 
pared with normal controls (87). In a study by Chen et at. (88), 
a comparison of microsatellite alterations in tumor and plasma 
DNA was done in SCLC patients, and 93% of the patients wilh 
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Table J Tissues and other resources for the study of molecular markers 



Specimen 



Ref. 



Comments 



Tumor tissue 
Sputum 

Surrogate organ 

Bronchial brush/wash 
Bronchial tissues 

BAL fluids ■ 
Blood components 



Numerous 
i 

65, 68,71,74 
140 

141, 142, 143 

42, 43, 45, 144, 145 

76, 78, 146, 147, 148 
72, 92, 149 



Tissue for molecular staging 150,151 



Tumor cell lines 



Cultures of nonmalignant tissues 154. 155 



Nonmalignant tissue from patients 156, 157. 158 * 
and from cancer- free relatives 



Mixture of cell types, may require microdissection (139). Extensively used 
for most. studies. Alcohol-fixed fine-needle aspirates may be used for 
mutational arid other studies. .' 

Respiratory cells usually in small minority. Most samples fixed in . 
Saccomanno's fixative. Several studies have been performed on these 
specimens many years later. 

Predominantly squamous epithelial cells. Buccal smears; brushihgs of 
tongue or tonsil may be explored as potential surrogate organs resulting 
from the field effect of tobacco damage of the entire upper ., 
aerodigestive tract. This concept needs to be confirmed. 

Predominantly respiratory cells. Fresh, frozen, or alcohol-fixed samples are 
suitable for multiple studies including FISH. 0 . 

■ t 

Usually from bronchial biopsies, but may be obtained from surgical 
resection specimens. Formalin fixation and paraffin embedding required 
for histological diagnosis, although EASI preps may permit - 
identification and isolation of subpopulations. Paraffin sections may be 
used for genotyping polymorphisms, for alleloryping, and for in situ 
hybridization. 

BAL fluids are useful for examining the peripheral airway cells, which are 
the precursor cells of most adenocarcinomas. Numerous mononuclear 
cells present. Enrichment of epithelial cells desirable. 

Analysis of circulating rumor cells and genetic material shed by dying 
tumor ceils into the plasma component may yield useful biological and . 
diagnostic information. Gene mutations and presence of epithelial cell 
markers have been used to detect circulating tumor cells. Gene 
mutations, allelic loss, microsatellite alterations, and aberrant 
metbylation have been used to identify tumor cell DNA released into 
the fluid compartment. 

Although little data exists for lung cancers, regional lymph nodes, sentinel 
lymph nodes, and surgical resection margins have been used in other 
tumor types for molecular staging. 

Provide an unlimited self-replicating source of high-quality molecular 
reagents and have been used for numerous studies. Cell lines may or 
may not reflect the properties of the tumors from which they were 
derived (26), although they probably represent cellular subpopulations 
(27). Aggressive metastatic tumors are more likely to be successfully 
cultured (28) resulting in skewed daia. 

Epithelial cultures may be useful for studying molecular changes during 
multistage pathogenesis. Temporary as well as a few immortalized 
cultures from nonmalignant epithelial cells have been established. 
B-lymphoblastoid cultures are useful for linkage analysis, for genetic 
suspect ibi I ity studies, and for allelotyping corresponding rumors. 

Tissues such as buccal smears, tumor-free lymph nodes, and peripheral 
blood mononuclear cells are useful as controls for linkage analysis, for 
genetic susceptibility studies, and for alleloryping corresponding tumors. 



"FISH, fluorescence in situ hybridization; EASI, epithelial aggregate separation and isolation. 



microsatellite alterations in tumor DNA also had modifications 
in the plasma DNA. However, some patients had LOH only in 
the rumor DNA. Because most of the microsatellite alterations 
were similar in rumor DNA and plasma DNA. they concluded 
that some of the DNA circulating in the blood comes from the 
rumor. Thus, modifications of circulating DNA can be used as 
an early detection marker. Detection of aberrant DNA niethyl- 
ation in serum DNA in patients with non-SCLC has been 
reported (72). Although the number of patients was small and 
the hypermethylated DNA was found in all stages, it opens up 
for the possibility to be used as an early lung cancer detection 
marker. Furthermore, p53 and ras gene mutations have been 



detected in the plasma and serum of patients with colorectal 
cancers (89-91), pancreatic carcinomas (92, 93), and hemato- 
logical malignancies (94). 

In conclusion, the limited direct accessibility of lung car- 
cinomas has led to efforts to identify rumor-associated soluble 
markers in serum or plasma. Many of the currently recognized 
soluble markers were first identified as "tumor" markers but, 
when evaluated in nonneoplastic tissue, have often been found 
in normal cells as well as in tumors. For early detection of lung 
cancer, we need more clinical data evaluating these new molec- 
ular biological markers from multiple sites, especially in high- 
risk groups. 
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Table 2 Molecular approaches for lung cancer investigation 



Specimen 



Ref. 



Comment 



Gene mutations 



Allelotyping 



Gene expression at RNA 
and protein level 



159, 160, 161 



18, 158 



145, 162, 163, 164, 165, 166 



Molecular cytogenetics 



Comparative genomic 
hybridization 

Morphometric studies 



40, 167, 168, 169. 170 

171, 172 
74, 173.. 174 



Widely used technique, especially for p53 and ras genes: Often used 
to determine the r6le of a newly discovered gene in the 
pathogenesis of lung cancer. May be of diagnostic and prognostic 
significance. Multiple methodologies available. ..\ 

Useful as a partial substitute for mutational analysis and for 
determining the chromosomal locations of putative rumor 
suppressor genes. Widely used to study multistage, pathogenesis. 
Readily performed on formalin-fixed and microdissected tissues. 
Increasing use of genotyping using automatic sequencers. 

Northern blotting and reverse transcription-PCR are widely used to 
investigate gene expression. Western blotting often used for , 
detection of protein expression. In situ hybridization for message 
expression can be performed on paraffin-embedded tissues and, 
thus, can be used to investigate multistage pathogenesis. 
Microarray techniques offer promise of examining all or most of 
the genome but currently require relatively large amount of high- 
quality RNA from purified cell populations^ Sage technique useful 
for investigation and identification 'of expressed genes. Similarly, 
advances in proteomics will permit simultaneous detection of 
multiple proteins. Numerous immunohistochemical studies of 
oncogene expression have been used to study multistage 
pathogenesis. Of particular interest, hnRNP expression on 
exfoliated epithelial cells in sputum samples may predict for 
development of cancer. 

in situ hybridization studies of fixed materials or using smears has 
provided considerable information about numerical and structural 
changes. 

Useful for detection of gene amplifications. Less sensitive for the 
detection of regions of allelic loss. 

May be applied to paraffin-embedded tissues. Useful for determining 
aneuploidy and for measuring a number of nuclear and 
cytoplasmic parameters. 



Specimens for Clinical Testing: Bronchoscopy 

WLB is the most commonly used diagnostic tool for ob- 
taining a definite histological diagnosis of lung cancer. Bron- 
choscopy has major diagnostic limitations for premalignant le- 
sions. Because these lesions are only a few cells thick (0.2-1 
mm) and have a surface diameter of only a few millimeters, they 
rarely are observed as visual abnormalities. WooJner (95) re- 
ported that squamous cell CIS was visible to experienced bron- 
choscopists in only 29% of cases. To address this limitation, 
fluorescence bronchoscopy was developed. Early studies of 
fluorescence bronchoscopy entailed the use of fluorescent drugs 
(hematoporphyrin dyes) that were preferentially retained in ma- 
lignant tissue (96). Although, studies evaluating this approach 
did. in fact, show that early invasive and in situ cancers could be 
localized, the detection of dysplasia remained problematic (97- 
100). Furthermore., the development of photodynamic diagnos- 
tic systems was hampered by problems including skin photo- 
sensitizing and interference with tissue autofluorescence. To 
overcome these problems, a new laser photodynamic diagnostic 
system was developed (101). This system detected rumor- 
specific drug fluorescence at 630 nm wavelength, which is far 
from normal tissue autofluorescence (500-580 nm), and inter- 
ference by autofluorescence from normal tissue should then 
have been eliminated, but it remained a significant problem 
(102). 



Another approach was developed by Palcic et ah (103), 
who noticed the lack of autofluorescence in the tumor lesions by 
using blue light (442 nm) rather than while light to illuminate 
the bronchial surface. They amplified the difference in autofluo- 
rescence between normal, premalignant, and tumor tissue for 
clinical use (103, 104). Using, a high-quality-charge coupled 
device and special algorithm, the LIFE was developed, taking 
advantage of the principle that dysplastic and malignant tissues 
reduce autofluorescent signals compared with normal tissue 
(Fig- 3). 

Several studies have been performed comparing the diag- 
nostic specificity and sensitivity of LIFE bronchoscopy versus 
WLB in diagnosing preinvasive and early-invasive lesions 
(105-109; Table 3). Most of the studies reported a higher 
diagnostic sensitivity of LIFE bronchoscopy in the detection 
premalignant and earJy-malignant lesions at the cost of lower 
specificity (i.e., more false-positive results). Jn most of these 
studies, lesions with moderate dysplasia or worse were the target 
of the study and rated as "positive." The prevalence of prein- 
vasive and early lung cancer varies widely from one study to 
another, from 20.2% (105) to 65.8% (102). The explanation 
might be beyond the risk profile of genetic variations or differ- 
ent levels of experience among the endoscopists as well as the 
pathologists involved. Furthermore, there seems to be a training 
effect in using the LIFE bronchoscope, which has been demon- 
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Fig. 3 A y normal WLB and normal LIFE bronchoscopy. B, WLB shows inflammatory changes in the bronchial mucosa but no suspicion of 
malignancy [left). LIFE bronchoscopy shows diffuse reduced autofluoresccncc (visualized by diffuse red-brownish cohrization; arrows). Biopsy 
demonstrated diffuse severe dysplasia. 



strated by Venmans et al (J 07). in their study, the diagnostic 
sensitivity increased from 67 to 80% when comparing the first 
and the second half of the study. The use of the LIFE device in 
conjunction with WLB improved the detection rate of preneo- 
plastic lesions and CIS significantly (Table 3). Kurie et al. (106) 
looked for more subtle tissue transformation, but their study 
included few patients with moderate dysplasia or worse. No 
improvement in the evaluation of metaplasia index was ob- 
served by the use of LIFE bronchoscopy. Thus, differences in 
the study population might explain the different conclusion. 
There are still no clinical studies with sufficient long-term data 
showing that moderate dysplasia is (he most relevant clinical 
predictor of eventual malignancy. Limitations in making con- 
clusions from the existing studies are also the potential meth- 
odological bias related to the order in which the different bron- 
choscopy procedures are done and whether the same examiner 
has performed both procedures. To address these issues, a 



prospective randomized study between LIFE bronchoscopy and 
WLB was done al the University of Colorado Cancer Center. 
The study design included a randomization with regard to the 
order of procedure as well as the order of the individual bron- 
choscopist (109). The order of the procedure and of the indi- 
vidual bronchoscopist did not affect the results. The study also 
demonstrated a significantly higher sensitivity in detecting pre- 
malignant lesions visualized by the LIFE, but at the cost of a 
lower specificity (109). The reason for the low diagnostic spec- 
ificity found with the LIFE bronchoscopy in the different studies 
might be attributable to the visualization of more abnormal foci 
with the LIFE bronchoscope, with the consequence that a larger 
number of biopsies were taken and. thus, there was a higher risk 
of more false-positive results. The use of LIFE bronchoscopy 
has led to the identification of a new morphological entity, the 
ASD. which is described above. In a recent morphological study 
angiodysplastic changes were frequently found in preneoplastic 
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Fig. 4 Seventy-one-year-old man with a spicular nodule in upper left 
lobe demonstrated on low-dose helical CT (picture), but not visible on 
chest X-radiography. CT- guided biopsy showed adenocarcinoma. 



and early- malignant lesions in the bronchi (26). The morpho- 
logical entity has been confirmed in preneoplastas among smok- 
ers, and the perspectives of this finding have been extensively 
discussed (1 10). The prognostic significance of this morpholog- 
ical entity is currently studied in ongoing long-term follow-up 
studies. Future studies have to evaluate the role of ASD as a 
biomarker for early lesions and whether it can be used as a 
marker for treatment effect or therapeutic target for chernopre- 
vention. 

The LIFE bronchoscope may play an important role in the 
screening and follow-up of subjects at high risk of developing 
lung cancer. At this stage, however, it is unknown whether the 
LIFE bronchoscope will lead to a reduction in lung cancer 
mortality. There are also no data on cost-effectiveness and 
cost-benefit analyses available for this new diagnostic proce- 
dure. The use. of the LIFE bronchoscope may also in the future 
be extended to other indications, e g., patients staged as having 
resectable lung cancer on one side. Whether LIFE bronchoscopy 
of the contralateral lung will disclose abnormalities, which 
would change the therapeutic decision, is not yet reported. 

Recent Advances in Radiology 

The previous NCI-sponsored screening trials failed to dem- 
onstrate any reduction in the lung cancer mortality by sputum 
cytology and yearly chest radiography as mass screening tools 
for lung cancer screening. Limitations of design and execution 
of the studies, however, have been discussed extensively (8. 
Ill, 112). An extended follow-up (median. 20.5 years) of the 
Mayo Lung Project was recently published (113). There was 
still no difference in lung cancer mortality between the inter- 
vention arm and the control arm (4.4 versus 3.9 deaths per 1000 
person-years). However, the median survival for patients with 
resected early-stage disease was 16.0 years in the intervention 
arm versus 5.0 years in the usual- care arm {P < 0.05). The latter 
findings have raised the question as to whether some small 
lesions with limited clinical relevance may have been identified 
in the intervention arm, and the question of "overdiagnosis' 1 was 
discussed in accompanying editorials (114). 



Mass screening for lung cancer , has been performed in 
Japan for many years and has been performed in over 500,000 
people in about 80% of the local communities (1 15). Sobue et 
at (H6) observed that annual clinic-based chest X-ray screen- 
ing for hing cancer in Japan showed reduced hong cancer mor- 
tality by about one-fourth among individuals who. underwent 
screening once a year. In this screening program, the relative 
odds ratio of dying from lung cancer within 12 months was 
0.535 and in the 12-24-month period was 0:638 (1 17). How- 
ever, many studies have focused on the pitfalls in the detection 
of abnormalities by radiography (118-122). the limit of chest 
radiographic sensitivity for nodule detection is roughly I cm in 
diameter, by which time the tumor has over 10 9 cells and may 
already have.violated bronchial epithelium and vascular epithe- 
lium. CT has been shown. to be more effective in the detection 
of peripheral lung lesions compared with plain radiography or 
conventional tomography of the whole lung (123, 124). 

Spiral CT scan is a relatively new technology with the 
ability to continuously acquire data resulting in a shorter scan- 
ning time, a lower radiation exposure, and improved diagnostic 
accuracy compared with those of plain radiography (125-127). 
Spiral CT allows the whole chest to be imaged in one or two 
breath-holds, reducing motion artifacts and eliminating respira- 
tory misregistration or missing nodules. Although there is 
greater radiation exposure with CT than with chest radiography, 
low-dose techniques (lower mA of 30-50 compared with 200 
for conventional CT) have achieved calculated exposure doses 
that are 17% that of conventional CT and 10 times that of chest 

s 

radiographs. Further reduction in radiation dose while maintain- 
ing diagnostic accuracy is a topic of current research. Further- 
more, for the baseline screening, low-dose spiral- CT- scan i.v. 
contrast is not administered. Nodules as small as 1-5 mm can be 
shown with modern spiral CT technology (25, 128). The obvi- 
ous advantages with this new technology led some groups in 
Japan and in the United States to look to low-dose spiral CT as 
a tool for screening (Refs. 129-131; Tables 4 and 5). 

In a Japanese report, spiral CT scans and chest radiographs 
were done twice a year in 1369 individuals (129). Peripheral 
lung cancer was detected in 15 (0.3%) of 3457 examinations, 
and, among the 15 lung cancer cases detected, the results of 
chest X-ray were negative in 11(73%), and the rumors were 
detected only by low- dose spiral CT. The detection rates of 
low-dose spiral CT and chest X-ray were 0.43% (15 of 3457 
examinations) and 0.12% (4 of 3457 examinations), respec- 
tively. Furthermore, 14 (93%) of the 1 5 lung cancers were stage 
1 disease. The histology showed that II of the 15 lung cancer 
cases were adenocarcinoma, and 4 had squamous cell carci- 
noma. The effective exposure dose with spiral CT scan in that 
study was calculated to about oric-sixth that of conventional CT. 

The ELCAP in New York was designed to determine: (a) 
the frequency with which nodules were delected; (o) the fre- 
quency with which detected nodules represent malignant dis- 
ease; and (c) the frequency with which malignant nodules are 
curable ( 131). In the ELCAP study. 27 lung cancers were found 
among 1000 subjects screened. Among the 27 patients with 
cancer, 85% had stage 1 disease (Table 5). 

Another population- based study on low- dose CT screening 
has been published by Sone et at (130), using a mobile low- 
dose spiral CT scanner. The detection rate was 0.48% (i.e., 4-5 
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Table 3 Bronchoscopy versus WLB in diagnosin g premaligriant and early-malignant lesions 

Predictive values 



Sensitivity' 



Specificity 













Relative 








Relative 


PPV° 


NPV 








NPV 




No. of 


LIFE+ 






sensitivity. 


LIFE+ 






specificity 


LIFE+- 


LIFE+ 


PPV 


NPV 


PPV 


Author 


biopsies 


WLB 


LIFE WLB LIFE-*- WLB 


WLB 


LIFE WLB LIFE+WLB 


WLB 


WLB 


LIFE LIFE WLB WLB 


Lanjf/o/. (105) 


700 


0.67 


NR 


0.25 


63 (2.7f 


0.66 


NR 


0.90 


NR 


0.33 


0.89 


NR 


NR 


039 


0.83 


Kurie et al b (106) 


234 


NR 


0.38 


NR 


NR 


NR 


0.56 


NR 


NR 


NR 


NR 


0.16 


0.81 


NR 


NR 


Venmans et al (107) 


139 


NR 


0.89 


0.78 


1143 


NR 


0.61 


0.88 


NR 


0.20 


NR 


0.14 


0.99 


032 


0.98 


Vermulen et al. (108) 


172 


0.93 


NR 


0.25 


3.75 


0.21 


NR 


0.87 


NR . 


0.13 


0.96 


NR 


NR 


0.19 


0.90 


Kennedy et at. (109) 


394 


0.79 


0.72 


0.18 


4.4 


0.3 


0.43 


0.78 


0.38 


0.21 


0.85 


0.25 


0.87 


0.17 


0.80 



" PPV, positive predictive value; NPV, negative predictive value; NR, not reported. 
* Based on reference pathologist. 
c If invasive carcinoma is included. 



Table 4 Results from three population-based screening studies with low-dose spiral CT (LDCT) 





No. of individuals 
srudied 


True 
positive n 


False 
positive" % 


Predictive 
value % 


Detection rate % 




Age incl. 

y 


Authors 


LDCT 


. X-ray 


Pack-yr 


Kanekortfl/. (129) 
Sone et al (130) 
Henschke et al (131) 


1369 
3967 
1000 


. 15 
19 
27 


15.6 
5.0 
20.1 


6.6 
8.8 
1 1.6 


0.43 
0.46-0.5 
2.7 


0.12 
0.70 


>20 
>30* 

>i<r 


>50 
40-74 
>60 



" Defined as individuals with "test-positive,'* in whom further workup gave no suspicion of malignancy. 
6 The study also included a group of nonsmokers, 
c Average = 45 (not reported in the other studies). 



Table 5 Histology, stage, and size of primary lung cancer detected by low-dose spiral CT 



Author 


No. of cancers/ 
No. screened 


Histology % 






TNM % 






Size (mm) 




Adeno" Squam. 


Other 


1 


11 III 


IV 


Average 


Range <10 11-20 


>21 


Kaneko et al. (129) 


15/1369(1.1%) 


73 17. 




93 


7 




12 


8-18 




Sone era/. (130) 


19/5483 (0.3%) 


63 5 


32 


84 




16 


17 


6-47 4 14 


3 


Henschke et al. (131) 


27/1000 (2.7%) 


67 . 3 


30 


85 


4 11 






15 8 . 


4 



* Adeno, adenocarcinoma; Squam., squamous cell carcinoma; TNM, rumor-node-meta stasis. 



cases per 1000 examinations). Surprisingly, there was no dif- 
ference in the detection rate among smokers (0.52%) versus 
nonsmokers (0.46%). The results from the three population- 
based studies are summarized in Tables 4 and 5. The conclusion 
from these studies is that 85% of the lung cancers detected by 
low-dose CT were in stage 1, offering improved possibility for 
curative treatment and better prognosis in general. However, the 
issue of "false-positive" scans has to be taken into consideration. 
Thus far, up to 20% of the participants with nodules on the scan 
had no malignancy during the follow- up period. The possibility 
that the cancers found represent incidental cancers as in the 
Mayo Lung Project must also be considered (1 14). The results 
from these studies confirm the expectation that low-dose CT 
increases the detection of small noncalcified nodules and, that 
lung cancer at an earlier and more curable stage are detected. 
The mobile CT screening study by Sone et al (130) showed that 
low-dose CT increased the likelihood of detection of malignant 
disease JO times as compared with radiography. The overall rate 
of malignant disease was lower in the Japanese studies (129, 
130) compared with the ELCAP study (Ref. 131; detection rates 
,0.43-0.48% versus 2.1%). This could be because the Japanese 
studies screened individuals from the general population ages 



40-74, whereas ELCAP screened people at high risk, ages 5:60, 
with a tobacco history of at least 10 pack-years. Thus, as 
expected, the risk of the population to be screened affects the 
rate of cancer detection. 

Questions remaining to be answered include: (a) what are 
the diagnostic sensitivity and specificity of this procedure; and 
{b) does screening reduce lung cancer mortality? The spiral CT 
has not been as sensitive for small central cancers as it is for 
small peripheral cancers (129, 131)! Minute nodules of lung 
cancer that are near the threshold of delegability may be over- 
looked at spiral CT screening (132). A prospective study of the 
diagnostic sensitivity of spiral CT has recently shown that the 
diagnostic sensitivity exceeded the sensitivity of conventional 
CT in previous reports (25). However, there were limitations in 
the detection of intrapulmonary nodules smaller than 6 mm and 
of pleural lesions. Compared with surgery (thoracotomy with 
palpation of deflated lung, resection, and histology), the sensi- 
tivity of spiral CT was 60% for intrapulmonary nodules of <6 
mm and 95% lor nodules of ^6 mm and was 100% for neo- 
plastic lesions ^6 mm. Furthermore, a marked difference in the 
sensitivities of two independent observers was found for nod- 
ules smaller than 6 mm, whereas agreement was much better for 
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6-00-mm nodules (25). Given these promising preliminary clin- 
ical results, further research is needed to determine the optimal 
technique for spiral CT screening, which includes collimation, 
reconstruction interval, pitch, and vievying methods. Decreasing 
the slice thickness to 3 mm, monitoring the viewing of exami- 
nations, and computer-aided diagnosis have been used to im- 
prove the diagnostic capability of spiral CT in the detection of 
pulmonary nodules (133-136). 

Future large scale randomized studies have to confirm 
whether in fact spiral CT screening will lead to a reduction in 
lung cancer mortality. In a randomized study, the following 
questions arise: (a) what is the optimal high-risk group to study 
and what should be the control arm? (b) what should be the end 
points (goals) of the studies? The ultimate goal is to reduce the 
lung cancer mortality. However, although this is a long-term 
goal, intermediate end points from such studies should be eval- 
uated. The change to more curable stages at diagnosis for the 
lung cancer patients is one such immediate goal; (c) what is the 
optimal workup and the morbidity of this program? (d) what is 
the cost, of such a screening program? and (e) what is the 
false-positive rate of the screening findings? Incorporation of 
smoking cessation programs should be included in the future 
design of screening studies because it has been shown that 
screening with low-dose CT in participants who are still smok- 
ing provides substantial motivation for smoking cessation (137). 

The studies with spiral CT-scan have demonstrated the 
superior diagnostic ability in the detection of small peripherally 
located tumors, most of the malignant ones of adenocarcinoma 
type of histology. The diagnostic sensitivity of spiral CT for 
more centrally located nimors (mostly squamous cell carci- 
noma) is significantly lower than for the peripherally located 
ones. Through these spiral CT studies, we will leam about the 
biology, pathology, and clinical course of these small tumors, 
which might be different from what we know about clinically 
more evident tumors detected routinely in previous studies. 

Because lung cancer is so common, the introduction of any 
new screening technique in this area has to be underpinned by 
careful definition of the cost implications and must be justified 
by compelling evidence. The cost- effectiveness of the spiral 
CT approach should be assessed by evaluating the rate of 
over-diagnosing npnmalignant, relatively common abnormali- 
ties and comparing CT imaging to other diagnostic technologies. 

PET with FDG has recently emerged as a practical and 
useful imaging modality in the preoperative staging of patients 
with lung cancer. However, whereas CT is most frequently used 
to provide additional anatomical and morphological information 
about lesions, the FDG PET imaging provides physiological and 
metabolic information that characterizes lesions that are inde- 
terminate by CT. FDG PET imaging takes advantage of the 
increased accumulation of FDG in transformed cells and is 
sensitive (—95%) for the detection of cancer in patients who 
have indeterminate lesions on CT (138). The specificity (—85%) 
of PET imaging is slightly less than its sensitivity because some 
inflammatory processes avidly accumulate FDG. The high neg- 
ative predictive value of PET suggests that lesions considered 
negative on the smdy are benign, biopsy is not needed, and 
radiographic follow-up is recommended. Several studies have 
documented the increased accuracy of PET compared with CT 
in the evaluation of the hilar and mediastinal lymph node status 



in patients with lung cancer (138). However, the PET resolution 
is sufficient only for nodules ^6 cm and will not be helpful in 
detecting the very small nodules. Compared with low-dose 
spiral CT, the FDG PET scan is more expensive and time 
consuming. The role of PET scan in early diagnosis of lung 
cancer in an asymptomatic high-risk population is not yet eval- 
uated. However, future studies have uTinclude PET evaluation 
to define its role in a population screening setting. 

Conclusion 

Recent advances in molecular biology and pathology have 
led to a better understanding and documentation of morpholog- 
ical changes in the bronchial epithelium before development of 
clinical evident lung carcinomas. Combined with technical de- 
velopments in radiological and bronchoscopic techniques, these 
procedures offer great promise in diagnosing lung cancer, far in 
advance of clinical presentation. Any of these individual proce- 
dures could be incorporated into the routine management of 
individuals at risk for developing primary or secondary lung 
cancer, and for several of these methods, clinical studies are 
under way. Preliminary reported data are very promising for the 
early detection of lung cancer. Future studies must incorporate 
the different methods in a multidisciplinary scientific setting to 
evaluate the role of the individual method in the overall man- 
agement for individuals at. high risk for developing lung cancer. 
Several of these tests might diagnose the disease at the stage of 
clonal expansion before invasive carcinoma has developed. A 
management and intervention strategy appropriate to that stage 
of disease have to be developed. Preliminary studies of chemo- 
prevention agents are reported, and new agents based on other 
biological mechanisms are under development and ready for 
clinical trials. It is now time to plan clinical trials that evaluate 
both diagnostic and therapeutic approaches to access their im- 
pact on the incidence of clinical lung cancer. 

Acknowledgments 

We lhank Drs. Stephen Lam, Vancouver, British Columbia, Can- 
ada, and Kavita Garg, University of Colorado Health Sciences Center, 
Denver, Colorado, for a critical review of the manuscript and Drs. 
Timothy Kennedy and York Miller for submitting illustrations for 
white- light and LIFE bronchoscopy. 

References 

1. Greenlee, R. T.„ Murray, T., Bolden. S., and Wingo, P. A. Cancer 
Statist ics. 2000. CA Cancer J. Clin., 50: 7-30, 2000. 

2. Mountain, C. T. Revision in the international system for staging of 
lung cancer. Chest, 1 if: 1710-171 7, 1997. 

3. Ihde, D. C Chemotherapy of lung cancer. N. Engl. J. Med.. 327: 
1434-1 44 J. 1992. . 

4. Melamed, M. R.. Flehinger, B. J. T Zaman, M. B.. Hcelan, R. T., 
Parchick; W. A., and Martini, N. Screening for lung cancer: results of 
ibe Memorial Sloan- Kettering study in New York. Chest.. 86: 44-53, 
I9S4. 

5. Fontana, R. S., Sanderson, D. R., Woolncr, L. B., Taylor, W. F., 
Miller, W. E.. and Muhm, J. R. Lung Cancer Screening. The Mayo 
program. J. Occup. Med., 28: 746-750, 1986. 

6. Tockman, M. S. Survival and mortaliry from lung cancer in a 
screened population: The Johns Hopkins Study. Chest, 89: 324S-325S. 
1986. 



18 Review; Advances in Early Detection of Lung Cancer 



7. Kubik, A., Parkin, D. M.,. Khlat, M., Erban, J., Polak, J., and 
Adfamec, M. Lack of benefit from semi-annual screening for cancer of 
the lung: follow-up report of a randomized controlled trial on a popu- 
lation of high-risk males in Czechoslovakia. Int J. Cancer, 45: 26-33, 
1990. ' 

8. Fontana, R. S., Sanderson, D. R., Woolncr, L. B., Taylor, W. F., 
Miller, W. E, Muhm, J. R., Bernatz, P. E., Payne, W. S., Pairolero, 
P.. C, and Bergstralh, E. J. Screening of lung cancer. A critique of the 
Mayo Lung Project. Cancer (Phila.), 67: 1 155-1 164, 1991. 

9. Strauss, G. M., Gleason, R. E, and Sugarbaker, D. J. Screening for 
lung cancer. Another look: a different view. Chest, III: 754-768, 1997. 

10. Hirsch, F. R., Brambilla, E, Gray, N., Gritz, E, Kelloff, G. J., 
Linhoila, I., Pastorino, U., and Mulshine, J. L. Prevention and early 
detection of lung cancer — clinical aspects. Lung Cancer (Limerick), / 7: 
163-174, 1997. 

1 1. Hong, W. K. Chemoprevention of Lung Cancer. Oncology (Basel), 
/3(Suppl. 5>- 135-141, 1999. 

12. Mulshine, J. L., and Henschke, C. 1. Prospects for lung-cancer 
screening. Lancet, 355: 592-593, 2000: 

1 3. Travis, W. D., Colby, T. V., Corrin, B., Shimosalo, Y., and Bram- 
billa, E. Histological typing of tumours of lung and pleura. In: L. 11. 
Sobin (ed.), World Health Organization International Classification of 
Tumours, Ed. 3. New York: Springer- Verlag, 1 999. 

14. Franklin, W. A. Pathology of lung cancer. J. Thorac. Imaging, J 5: 
3-12, 2000. 

15. Colby, T. V. Precursor lesions to pulmonary neoplasia. In: C. 
Brambilla and E Brambilla (eds.), Lung Tumors. Fundamental Biology 
and Clinical Management, pp. 61-87. New York: Marcel Dekker Inc., 
1999. 

16. Peters, E J., Morice, R., Benner, S. E„ Lippman, S., Lukeman, L, 
Lee, J. S.. Ro, J. L., and Hong, W. K. Squamous metaplasia of the 
bronchial mucosa and its relationship to smoking. Chest. 103: 1429— 
1432, 1993. 

17. Auerbach, O., Gere, B. f Forman, J. B., Petrick, T. G., Smolin, H. J., 
Muchsam. G. E, Kassouny, D. Y. r and Stout. A. P. Changes in bron- 
chial epithelium in relation to smoking and cancer of the lung. N. Engl. 
J. Med. 256. 97-104, 1957. • 

18. Wistuba, I. 1., Behrens C. Milchgrub, S., Bryant, D., Hung, J., 
Minna, J. D.\ and Gazdar, A. F. Sequential molecular abnormalities are 
involved in the multistage development of squamous cell hing carci- 
noma. Oncogene, 18: 643-650, 1999. 

19. Lam, S.. LeRiche, J. C, Zheng, Y., Coldman, A., MacAulay, C, 
Hawk, E., Kelloff, G.. and Gazdar, A. F. Sex-relaied differences in 
bronchial epithelial changes associated with tobacco smoking. J. Natl. 
Cancer Inst., 91: 691-696, 1999. 

20. Saccomanno G. Archer, V. E., Auerbach, O., Saunders. R. P.: and . 
Brennan. L. M. Development of carcinoma of the lung as reflected in 
exfoliated cells. Cancer (Phila ), 32: 256-270, 1974. 

21. Frost. J. K., Ball, W, C. Jr., Levin, M. L., Tockman, M. S.. Erozan, 
Y. S.. Gupta, K.. Egg lest on, J. C. Pressman. N. J., Donithan, M. P., and 
Kimball, A. W. Sputum cylopathology: use and potential in monitoring 
the workplace environment by screening for biological effects of expo- 
sure. J. Occup. Med., 28: 692-703, 1986. 

22. Venman, B. J. W., van Boxem, T. J. M., Smil. E. F.. Posimus, P. E., 
and Sutedja. T. G. Outcome of bronchial carcinoma in situ. Chesl, 117: 
1572-1576, 2000. 

23. Slebos, R. J., Baas, I. O., Clement, M. J., Offerhaus. G. J, A skin, 
F. B.. Hruban. R. H., and Westra. W. H. p53 alterations in atypical 
alveolar hyperplasia of the human lung. Hum. Paihol., 29: 801-808, 
1998. 

24. Kitamura, H., Kameda, Y.. Iio. T.. and Hayashi. H. Atypical ade- 
nomatous hyperplasia of the lung*. Implications for the pathogenesis of 
peripheral lung adenocarcinoma. Am. ). Clin. Pathol.. Hi: 610-622, 
1999. 

25. Diedrich, S. ; Semrk, M. r Lentschig, M. G., Winter F., Scheld, 
H. H.. Roos, N.. and Bongartz, G. Helical CT of pulmonary nodules in 



patients with extra thoracic malignancy: CT-surgical correlation. Am. J. 
Roentgenol., 172: 353-360, 1999. 

26. Keith, R. L, Miller, Y. E.„ Gemmill, R. M, Drabkin, H. A., 
Dempsey, E. C, Kennedy, T. C, Prindiville, S., and FrankbX.W. A. 
Angiogenic squamous dysplasia in bronchi of individuals at high risk for 
lung cancer. Gin. Cancer Res.. 6: 1616-1625, 2000. 

27. Muller, K. and Muller, G. The ultrastructure of preneoplastic 
changes m bronchial mucosa. Curr. Top. Pathol., 73: 233-263, 1983.. 

28. Hirsch, F. R-, Gazdar, A. F., Gabrielson, E., Lam, S., and Franklin, 
W. A histopathologic evaluation of premalignant and early malignant 
bronchial lesions: an interactive program based on internet digital im- 
ages to improve WHO criteria for early diagnosis of lung cancer and for 
monitoring chenioprevenuon studies — a SPORE collaborative project 
Lurig Cancer (Limerick), 29 (Suppl. 2): 209, 2000. 

29i Lengauer, C, Kinzler, K. W., and Vogelstein, B. Genetic instabil- 
ities in human cancers. Nature (Lond.), 396: 643-649, 1998. 
30. Fong, K. M., Sekido, Y., and Minna, J. D. Molecular pathogenesis 
of lung cancer. J. Thorac. Cardiovasc. Surg., 118: 1136-1152, 1999. 
3 J. Hirano, T., Franzen, B., Kato, H., Ebihara, Y., and Auer, G. Genesis 
of squamous cell lung carcinoma: sequential changes of proliferation, 
DNA ploidy, and p53 expression. Am. J. Pathol., 144: 296-302, 1994. 

32. Betticher, D. C, Heighway, J., Thatcher, N., and Hasleton, P. S. 
Abnormal expression of CCND1 and RBI in resection margin epithelia 
of lung cancer patients. Br. J. Cancer, 75: 1761-1768, 1997. 

33. Satoh, Y., Ishikawa, Y., Nakagawa, K., Htrano, T., and Tsuchiya, E 
A follow-up study of progression from dysplasia to squamous cell 
carcinoma with immunohistochemical examination of p53 protein over- 
expression in the bronchi of ex-chromate workers. Br. J. Cancer, 75: 
678-683, 1997. 

34: Li, Z. H., Zheng, J., Weiss, L. M., and Shibata D. c-k ras t and p53 
mutations occur very early in adenocarcinoma of the lung. Am. J. 
Pathol., 144. 303-309, 1994. 

35. Brambilla, E, Gazzeri, S., Lantuejoul, S., Coll, J. L.„ Moro, D., 
Negoescu, A., and Brambilla, C. p53 mutant immunophenorype and 
deregulation of p53 transcription pathway (Bcl2, Bax, and Wail) in 
precursor bronchial lesions of lung cancer. Clin. Cancer Res., 4: 1609- 
1618, 1998. ' 

36. Hung, J., Kishimoto, Y., Sugio, K., Virmani, A., Mclntire, D. D., 
Minna. J. D. y and Gazdar, A. F. Allele-specilic chromosome 3p dele- 
tions occur at an early stage in the pathogenesis of lung carcinoma. 
J. Am. Med. Assoc., 273: 558-563, 1995. 

37. Kishimoto, Y., Sugio, K., Hung, J. Y., Virmani, A. K., Mclntire, 
D. D., Minna. J. D., and Gazdar, A. F. Allele-specific loss in chromo- 
some 9p loci in preneoplastic lesions accompanying non-small cell lung 
cancers. J. Natl. Cancer Inst., 87: 1224-1229. 1995. 

38. Sugio, K., Kishimoto, Y., Virmani, A. K., Hung. J. Y. t and Gazdar, 
A, F. K-ras mutations are a relatively late event in the pathogenesis of 
lung carcinomas. Cancer Res., 54: 531 J-58J5, 1994. 

39. Wistuba, 1. 1., Behrens, C, Virmani, A. K., Milchgrub, S., Syed, S., 
Lam, S., Mackay, B., Minna, J. D., and Gazdar, A. F. Allelic losses at 
chromosome 8p21-23 are early and frequent events in the pathogenesis 
of lung cancer. Cancer Res., 59: 1973-1979, 1999. 

40. Varella-Garcia, M., Gemmill, R. M., Rabenhorst, S. H., Lotto, A., 
Drabkin, H. A., Archer, P. A,, and Franklin, W. A. Chromosomal 
duplication accompanies allelic loss in non-small cell lung carcinoma. 
Cancer Res., 58: 4701-4707, 1998. 

41. Westra, W. H., Baas, I. 0. : Hruban, R. H.. Ask in, F. B.. Wilson, K., 
Offerhaus, G. J., Slebos, R. J. K-ras oncogene activation in atypical 
alveolar hyperplasias of the human (ung. Cancer Res., 56: 2224-2228, 
1996. 

42. Wistuba, 1. I.. Lam, S.. Behrens. C, Virmani. A. K.. Fong, K. M., 
LeRiche, J., Samel, J. M., Srivastava. S., Minna. J. D., and Gazdar, A. F. 
Molecular damage in the bronchial epithelium of current and former 
smokers. J. Nail. Cancer Inst.. 89: 1366-1377. 1997. 

43. Mao, L.. Lee, J. S., Kurie, J. M., Fan, Y. H.. Lippman, S. M., Lee, 
J. J., Ro, J. Y.. Broxson. A., Yu, R., Morice. R. C, Kemp, B. L. r Khuri, 
F. R., Walsh, G. L., Hittelman. W. N., and Hong, W. K. Clonal genetic 



Clinical Cancer Research 



alterations in the lungs of current and former smokers. J. NatL Cancer 
Inst., 89: 857-862, 1997. 

44. Smith, A. L., Hung, J. ( Walker, L., Rogers, T. E., Vuitch, F., Lee, 

E. , and Gazdar, A. F. Extensive areas of aneuploidy are present in the 
respiratory epithelium of rung cancer patients. Br. J. Cancer, 73: 203- 
209,1996. 

45. Franklin, W. A., Gazdar, A. F., Haney, J., Wisruba, 1. I., La Rosa, 

F. C, Kennedy, T., Ritchey, D. M., and Miller, Y. E. Widely dispersed 
p53 mutation in respiratory epithelium: a novel mechanism for field 
carcinogenesis. J. Clin, investig., 100: 2133-2137, 1997. 

46. Johnston, W. W., and Elson, C E Respiratory tract. In: M. Bibbo 
(ed.), Comprehensive Cytopatbology, pp. 325-401. Philadelphia: Saun- 
ders, 1997. 

47. Travis, W. D., Travis, L. B., and Devesa, S. S. Lung cancer. Cancer 
(Phila.), 75 (Suppl. 1); 191-202.. 1995. 

48. Wynder, E L., and Muscat, J. E. The changing epidemiology of 
smoking and lung cancer histology. Environ. Health Perspect, 103 
(Suppl. 8); 143-148, 1995. 

49. Thun, M. J., Lally, C. A.. Flannery, J. T., Calle, E E., Flanders, 
W. D., and Heath, C. W., Jr. Cigarette smoking and changes in the 
histopathology of lung cancer. J. Natl. Cancer Inst., 89: 1 580-1 586, 
1997. 

50. Lam, S., and Shibuya, H. Early diagnosis of lung cancer. Clin. 
Chest Med., 20: 53-61, 1999. 

51. Kennedy, T. C, Proudfoot. S:, Piantadosi, S., Wu, L., Saccomanno, 

G. , Petty, f . L., and Tockman, M. S. Efficacy of two sputum collection 
techniques in patients with air flow obstruction. Acta Cytol,, 43: 630- 
636, 1999. 

52. Browman, G. P., Arnold, A., Levine, M. N., and D'Souza, T. Use 
of screening phase data to evaluate observer variation of sputum cyto- 
diagnosis as an outcome measure in a chemoprevenlion trial. Cancer 
Res., 50: 1216-1219, 1990. 

53. Cantaboni, A.. Pezzotta, M. G-. Sironi, M., and Porcellati, M. 
Quality assurance in pathology: cytologic and histologic correlation. 
Acta Cytol., 36: 71 7-72 1 , 1 992. 

54. Holiday.. D. B., McLarty, J. W., Farley, M. L., Mabry, L. C. 
Cozens, D., Roby, T., Waldroo, E.', Underwood, R. D., Anderson, E., 
and Culbreth, W. Sputum cytology within and across laboratories. A 
reliability study. Acta Cytol., 39: 195-206, 1995. 

55. Risse, E K., Vooijs, G. P.. and van't Hoff, M. A. Relationship 
between the cellular composition of sputum and the cytologic diagnosis 
of lung cancer. Acta Cytol., 31: 170-176, 1987. 

56. MacDougall. B., and Weinerman, B. The value of sputum cytology. 
J. Gen. Intern. Med., 7: 11-12, 1992. 

57. Tockman, M. S., Erozan. Y. S., Gupta. P., Piantadosi, S., Muishine, 
J. L, and Ruckdeschel, J. C, The early detection of second primary lung 
cancers by sputum immunosiaining. Chesi ; J 06 (Suppl.): 385S— 3 90S, 
1994. 

58. Tockman, M. S., Gupta, P. K., Myers, J. D., Frost, J. K., Baylin, 
S. B., Gold, E. B., Chase, A. M., Wilkinson, P. H., and Muishine, J. L. 
Sensitive and specific monoclonal antibody recognition of human lung 
cancer antigen on preserved sputum cells: a new approach to early lung 
cancer detection. J. Clin. Oncol., 6: 1685-1693, 1988. 

59. Zhou, J., Muishine, J. L., Unsworth, E. J., Scott, F. M., Avis, 1. M., 
Vos, M.. D., and Treston, A. M. Purification and characterization of a 
protein that permits early detection of lung cancer. J. Biol. Chem., 271: 
10760-10766, 1996. 

60. Qiao Y-L, Tockman. M. S., Li. L., Erozan, Y. S., Yao, S. X.', 
Banetl, M. J., Zhou, W. H., Giffen. C. A., Luo, X. C, and Taylor, P. R. 
A case-cohort study of an early biomarkcr of lung cancer in a screening 
cohort of Yunnan tin miners in China. Cancer Epidemiol: Biomark. 
Prev, 6: 893-900, 1997. 

61. .Grover, F. L„ and Piantadosi, S. Recurrence and survival following 
resection of bronchioloalvcolar carcinoma of the lung: the Lung Cancer 
Study Group experience. Ann. Surg.. 209: 779-790, 1989. 

62. Tockman. M. S. Advances in sputum analysis for screening and 
early detection of lung cancer. Cancer Control, 7: 19-24. 2000. 



63. Sueoka, E, Goto, Y., Sueoka, N., Kai, Y., Kozu, T., and Fujiki, H. 
Heterogeneous nuclear ribonucleoprotein Bl as a new marker of carry 
detection for human rung cancers. Cancer Res., 59: 1404-1407, 1999. 

64. Muishine, J. L. Reducing lung cancer risk. Early detection. Chest, 
y/tf:493S-496S, 1999. 

65. Mao, E, Hruban, R. H., Boyle, J: 6., Tockman, M., and Sidransky, 
D. Detection of oncogene mutations in sputum precedes diagnosis of 
lung cancer. Cancer Res., 54: 1634-1637, 1994. 

66. Ruppert, J. M-, Tokino, K., and Sidransky, D.. Evidence for two 
bladder cancer suppressor loci on chromosome 9. Cancer Res., 53: 
5093-5095, 1993. 

67. Nawroz, H., van der Riet, P., Hruban, R. H., Koch, W., Ruppert, 
J. M., and Sidransky, D. Allelotype of head and neck squamous cell 
carcinoma. Cancer Res., 54: 1 152-1 155, 1994. 

68. Miozzo, M., Sozzi, G., Musso, K., Pilotti, S., Incarbone, M., Pas- 
torino, U., and Pierotti, M. A. Microsatellite alterations in bronchial and 
sputum specimens of lung cancer patients. Cancer Res., 56: 2285-2288, 
1996. 

69. Shapiro, G. I., Park, J. E, Edwards, C. D., Mao, E, Merlo, A., 
Sidransky, D. 7 Ewen, M. E., and Rollins, B. J. Multiple mechanisms of 
pl6 INK4A inactivatkm in non-small cell lung cancer cell lines. Cancer 
Res., 55: 6200-6209, 1995. 

70. Hamada, K., Kohno, T., Kawanishi, M., Ohwada, S., and Yokota, J. 
Association of CDKN2A(pi6)/CDKN2B9pl5) alterations and homozy- 
gous chromosome arm 9p deletions in human lung carcinoma. Genes 
Chromosomes Cancer, 22: 232-240, 1998. 

71. Belinsky, S. A., Nikula, K. J., Pahnisano, W. A., Michels, R., 
Saccomanno, G., Gabrielson, E., Baylin, S. B., and Herman, J. G. 
Aberrant metbylation of pl6 ,nM " is an early event in lung cancer and a 
potential biomarker for early diagnosis. Proc. Natl. Acad. Sci. USA, 95: 
11891-11896,1998. 

72. Esteller, M., Sanchez-Cespedes, M-, Rosell, R., Sidransky, D., 
Baylin, S. B., and Herman, J. G. Detection of aberrant promoter hyper- 
methyl at ion of tumor suppressor genes in serum DNA from non-small 
cell lung cancer patients. Cancer Res., 59: 67-70, 1999. 

73. Nieburgs, H. E. Recent progress in the interpretation of malignancy 
associated changes (MAC). Acta Cylol., 12: 445-453, 1968. 

74. Payne, P. W., Sebo, T. J., Doudkine, A., Garner, D., MacAulay, C, 
Lam, S„ LeRiche, J. C. and Palcic, B. Sputum screening by quantitative 
microscopy: a reexamination of a portion of the National Cancer Insti- 
tute Cooperative Early Lung Cancer Study. Mayo Clin. Proc., 72: 
697-704, 1997. 

75. Lam, S., Palcic, B. r Gamer, D., Beveridge, J., MacAulay, C. 
LeRiche, J., and Coldman, A. Lung Cancer Control Strategy in the New 
Millennium. Lung Cancer, 29 (Suppl. 2): 145, 2000. 

76. Ahrendt, S. A., Chow, J. T., Xu, L. R, Yang, S. C, Eisenberger, 
C. F, Esteller, M. F Herman, J. G., Wu, L. t Decker, P. A., Jen, J., and 
Sidransky, D. Molecular detection of tumor cells in bronchoarveolar 
lavage fluid from patients with early stage lung cancer. J. Natl. Cancer 
Inst., 91: 332-339, 1999. 

77. Gazdar. A. F., and Minna, J. D. Molecular detection of early lung 
cancer. J. Natl. Cancer Inst., 91: 299-301, 1999. 

78. Field, J. K., Liloglou, T., Xinarianos, G., Prime, W. f Fielding, P.. 
Walshaw, M. J., and Tumbull, L. Genetic alterations in bronchial lavage 
as a potential marker for individuals with a high risk of developing lung 
cancer. Cancer Res., 59: 2690-2695, 1999. 

79. Liloglou. T., Maloney, P., Xinarianos, G., Fear, S., and Field, J. K. 
Sensitivity and limitations of high throughput fluorescent microsatellite 
analysis for the detection of allelic imbalance. Application in lung 
tumors. Int. J. Oncol, 16: 5-14, 2000. 

80. Fielding, P.. Tumbull. L.. Prime, W., Walshaw, M., and Field, J. K. 
Heterogeneous nuclear ribonucleoprotein A2/BI up-regulation in bron- 
chial lavage specimens: a clinical marker of early lung cancer detection. 
Clin. Cancer Res., 5: 4048 - 4052, 1999. 

81. Pantel, K., Schlimok. G-, Angstwurm. M., Weckermann, D., 
Schmaus, W.. Gath, H., Passlick, B., Izbicki, J. R.. and Riethmuller, G. 
Methodological analysis of immunocytochemical screening for dissem- 



Review: Advances in Early Detection of Lung Cancer 



inated epithelial tumor cells in bone marrow. J. Hematother., 3: 165- 
173, 1994. 

82. Lambrechts, A. C, van't Veer, L. J., and Rodenhuis, S. The detec- 
tion of minimal numbers of contaminating epithelial tumor cells in 
blood or bone marrow: use, limitations and future; of RNA-based meth- 
ods. Ann. OncoL 9: 1269-1276, 1998. 

83. Steinman, C. R. Free DNA in serum and plasma from normal 
adults. J. Clin. Investig., 66: 1391-1399, 1980. 

84. Rapt is, L. f and Menard, H. A. Quantitation and characterization of 
plasma DNA in normals and patients with hipus erythematosus. J. Clin. 
Investigi, tftf; 1391-1399, 1980. 

85. Leon, S. A., Shapiro, B*, Sklaroff, D. M., and Yaros, M. J. Free 
DNA in the serum of cancer patients and the effect of therapy. Cancer 

.Res., 57: 646-650, 1977. 

. 86. Stroun, M., Anker, P., Maurice, P., Lyautey, J., Lederrey, C, and 
Beljanski, M. Neoplastic characteristics of the DNA found in the plasma 
of cancer patients. Oncology, 46: 318-322, 1989. . 

87. Shapiro, B., Chakrabaty, M., Cohn, E., and Leon, S. A. Determi- 
nation of circulating DNA levels hi patients with benign or malignant 
gastrointestinal disease. Cancer (Phila.), 51: 21 16-2120, 1983. 

88. Chen, X. Q., Stroun, M., Magnenat, J-L., Nicod, L. P., Kurt, A. M., 
Lyautey, J., Lederrey, C, and Anker, P. Microsalellile alterations m 
plasma DNA of small cell lung cancer patients. Nat. Med., 2: 1033— 
1037, 1996. 

89. Anker, P., Lefort. F., Vasioukhin, V., Lyautey, J., Lederrey, C, 
Chen, X. Q., Stroun, M., Mulcahy, H. E. t and Farthing, M. J. K-ras 
mutations are found in DNA extracted from the plasma of colorectal 
cancer patients. Gastroenterology, 112: 1114-1129, 1997. 

90. Kopreski, M. S., Benko, F. A., Kwee, C, Leitzel, K. E., Eskander, 
E., Lipion, A., and Gocke. C. D. Detection of mutant K-ras DNA in 
plasma or serum of patients with colorectal cancer. Br. J. Cancer. 76: 
1293-1299, 1997. 

91. Hibi, K., Robinson, R., Wu, L., Hamilton, S. R., Sidransky, D., and 
Jen, J. Molecular detection of genetic alterations in the serum of colo- 
rectal cancer patients. Cancer Res., 58: 1405-1407, 1998. 

92. Sorenson, G. D., Pribish, D. M., Valone, F. H., Memoli, V. A. r 
Bzik, D. J., and Yao, S. L. Soluble normal and mutated DNA sequences 
from single copy genes in human blood. Cancer Epidemiol. Biomark. 
Prev, 3: 67-71, 1994. 

93. Mulcahy, H. E., Lyautey, J., Lederrey, C. qi Chen, X., Anker, P., 
Alstead. E. M., Ballinger. A., Farthing. M. J., and Stroun, M. A pro- 
spective study of K-rojr mutations in the plasma of pancreatic cancer 
patients. Clin. Cancer Res., 4: 271-275, 1998. 

94. Vasioukhin, V., Anker, P.. Maurice, P., Lyautey. J., Lederrey, C, 
and Stroun, M. Point mutations of the N-ras in the blood plasma DNA 
of patients wiih myelodysplastic syndrome or acute myelogenous leu- 
kaemia. Br. J. Haematol., 86: 774-779, 1994. . 

95. Woolner, L. B. Pathology of cancer detected cytoiogically. hi: Atlas 
of Early Lung Cancer. National Cancer Institute, N1H, United States 
Department of Health and Human Services, pp. 107-203. Tokyo: Igaku- 
Shoin, 1983. 

96. Kato, H.. and Cortese. D. A. Early detection of lung cancer by 
means of. hemaloporphyrin derivative fluorescence and laser photo- 

• radiation. Clin. Chest Mcd. r 6: 237-253. 1985. 

97. Profio, A. E.. Doiron, D. R., and King. E. G. L. Laser fluorescence 
bronchoscopy for localization of occult lung rumors. Med. Phys. (NY). 
6: 532-535, 1979. 

98. Kinsey, J. H.. and Cortese, D. A. Endoscopic system for simulta- 
neous visual examination and electronic detection of fluorescence. Rev. 
Sci. Instrum., 51: 1403-1406.. 1980. 

99. Profio. A. E._. Doiron. D. R., and Sarnaik, J. Fluor ometer for 
endoscopic diagnosis of rumors. Med. Phys. (NY), //. 516-520, 1984. 

100. Montan. S. ? Svanberg, K.. and Svanberg, S. Multicolor imaging 
and contrast enhancement in cancer-tumor localization using laser- 
induced fluorescence in hemaloporpbyrin-derivative-bearing tissue. Op- 
tics Lett., 10: 56-58. 1985. 



101. Kato, H., Imaizumi, T., Aizawa, K., lwabuchi, H., Yamarnoto, H., 
Ikeda, N., Tsuchida, T., Tamachi, Y., Ito, T., and Hayata,Y. Photody- 
namk: diagnosis in respiratory tract malignancy, using an excimer dye 
laser system, J. Photocbem. Photobiol. Biol., 6: 189-196, 1990. 

102. Kato, H., and Ikeda, N. The role of fluorescence diagnosis in the 
early detection of high-risk bronchial lesions. J. Broncho!., 5; 273-274, 
1998. 

.103. Palcic, B., Lam, S., Hung, J., and MacAulay, C. Detection and 
localization of early lung cancer by imaging techniques. Chest, 99: 
742-743, 1991. 

104. Hung, J., Lam, S., LeRiche, J. C, and Palcic, B. Autofluorescence 
of normal and malignant bronchial tissue. Lasers Surg.. Med., 11: 
"99-105/1991. ... 

105. Lam, S., Kennedy, T., Unger,. M., Miller, Y. E.„ Gelrnorit, D., 
Rusch, V., Gipe, B., Howard, D., LeRiche, J. C, Coldman, A., and 
Gazdar, A. F. Localization of bronchial intraepithelial neoplastic lesions 
by fluorescence bronchoscopy. Chest, 113: 696-702, 1998. 

106. Kurie, J. M., Lee, J. S., Morice, R. C, Walsh, G. L., Khuri, F. R., 
Broxson, A., Ro JY. Franklin, W. A., Yu, R., and Hong, W. K. 
Autofluorescence bronchoscopy in the detection of squamous metapla- 
sia and dysplasia in current and former smokers. J. Natl. Cancer Inst., 
90: 991-995, 1998. 

1 07. Venmans, B. J., van der Linden, J. C, van Boxem, A. J., Postmus, 
P. E., Smil, E. F., and Sutedja, G. Early detection of pre-invasive lesions 
in high risk patients. A comparison of conventional fiberoptic and 
fluorescence bronchoscopy. J. Bronchol., 5: 280-283, 1998. 

108. Vermylen, P., Pierard, P., Roufosse, C, Bosschaerts, T., Verhest, 
A., Soulier, J-P, and Ninane, V. Detection of bronchial preneoplastic 
lesions arid early lung cancer with fluorescence bronchoscopy: a study 
about its ambulatory feasibility under local anaesthesia. Lung Cancer. 
(Limerick), 25: 1 6 1-1 68, 1 999. 

109. Kennedy, T., Hirsch, F. R., Miller, Y., Prindivillc, S., Bunn, P. A., 
Jr., and Franklin, W. A randomized study of fluorescence bronchoscopy 
versus while-light bronchoscopy for early detection of lung cancer in 
high risk patients. Lung Capcer (Limerick), 29 (Suppl. 2); 244, 2000. 

1 10. Gazdar, A. F., and Minna. J. D. Angiogenesis and the multistage 
development of lung cancers. Clin. Cancer Res., 6: 1611-1612, 2000. 

111. Henschke, C. L, Miettinen, O. S., Yankelevitz, D. F., Libby, 
D. M., and Smith, J. P. Radiographic screening for cancer: proposed 
paradigm for requisite research. Clin. Imaging, 18: 6-20. 1994. 

1 12. Miettinen. O. S. Screening for lung cancer. Radiol. Clin. N. Am., 
38: 479-486, 2000. » 

1 13. Marcus, P. M.. Bergstralh. E. J., Fagersirom, M., Willliams, D. E.. 
Fontana, R., Taylor, W. F., and Prorok, P. C Lung cancer mortality in 
the Mayo Lung Project: impact of extended follow-up. J. Natl. Cancer 
Inst., 92: I308-J316, 2000. 

1 14. Black, W. C. Overdiagnosis. An underrecognized cause of confu- 
sion and harm in cancer screening. J. Nail. Cancer Inst., 92: 1280-1282, 
2000. 

1 15. The Health, and Welfare Statistics Foundation. The cunent issue 
on the screening project for elderly people by the Ministry of Health and 
Welfare Japan. J: Health Welfare, 42: 37 ; 1995. 

1 16. Sobue, T., Suzuki, T., and Naruke. T. The Japanese Lung-Cancer- 
Scrcening Research Group; a case-control study for evaluating lung 
cancer screening in Japan. Int. J. Cancer, 50: 230-237. 1992. 

1 17. Okamoto, N., Suzuki, T. r Hascgawa, H., Gotoh, T., Hagiware.S-, 
Sekimoto, M. ? and Kaneko, M. Evaluation of a clinic-based screening 
program for lung cancer with a case-control design in Kanagawa. Japan. 
Lung Cancer (Limerick), 25: 77-85, 1999. 

1 18. Muhm r J. R., Miller, W. F., Fontana, R. S., Sanderson, D. R., and 
Uhlenbopp, M. A. Lung cancer detected during a screening program 
using four-month chest radiographs. Radiology. 148: 609-615, 1983. 

119. Hayabuchi. N.. Russell, W. J., and Murakami, J. Problems in 
radiographic detection and diagnosis of lung cancer. Acta Radiol. 
(CPH), 30: 163-167.. 1989. 

120. Woodrinc, J. H. Pitfalls in the radiologic diagnosis of lung cancer. 
Am. J. Roentgenol., 154: 1165-1175, 1990. 



Clinical Cancer Research 21 



121. Greene, R. E. Missed lung nodules: lost opportunities for cancer 
care. Radiology, 182: 8-9, 1992. 

122. Austin, J. H. M, Romney, B. M., Goldsmith, L. S. Missed bron- 
chogenic carcinoma: radiographic findings in 27 patients with a poten- 
tially resectable lesions evident in retrospect. Radiology, 1 82: 1 15-122, 
1992. 

123. Schaner, E. G., Chang, A. E., Doppan, J. L., Conkle, D. M., Flye, 
M. W., and Rosenberg.. S. A. Comparison of computed and conventional 
whole lung tomography in detecting pulmonary nodules. Am. J. Roent- 
genol., 131: 51-54, 1978. 

124. Webb, W. R. Radiologic evaluation of solitary pulmonary nodule. 
Am. J. Roentgenol., J 54: 701-708, 1990. • 

125. Kalender, W. A., Seissler, W., Klotz, E., and Vock, P. Spiral 
volumetric CT with single-breath-hold technique, continuous transport, 
and continuous scanner rotation. Radiology, 176: 181-183, 1990. 

126. Costello, P., Anderson, W. A., and Blume, D. Pulmonary nodule: 
evaluation with spiral volumetric CT. Radiology, J 79: 875-876, 1991. 

127. Remy-Jardin, M., Giraud. F;, and Marquette, C. H. Pulmonary 
nodules: detection with thick section spiral CT versus conventional CT. 
Radiology, J 87: 5 1 3-520, 1 993. 

1 28. Davis, S. CT evaluation for pulmonary metastases in patients with 
extrathoracic malignancy. Radiology, J 80: 1-12. 1991. 

129. Kaneko, M., Eguchi, K., Ohmatsu, H., Kakinuma, R., Naruke, T., 
Suemasu, K., and Mpriyama, N. Peripheral lung cancer: screening and 
detection with low-dose spiral CT versus radiography. Radiology, 201: 
798 - 802, 1996. 

130. Sone, S., Takashima, S., Li, F., Yang, Z., Honda, T., Maruyama, 
Y., Hasegawa, M.. Yamahda. T., Kubo, K., Hanamura, K., and Asakura, 
K. Mass screening for lung cancer with mobile spiral computed tomog- 
raphy scanner. Lancet, 351: 1242-1245,! 1998. . 

J 31. Henschke, C. I., McCauley, D. I., Yankelevitz, D. F„ Naidich, 
D. P., McGuiriness. G., Miettinen, O. S., Libby, D. M., Pasmantier, 
M. W., Koizumi. J., Altorki, N. K., and Smith, J. P. Early Lung Cancer 
Action Project: overall design and findings from baseline screening. 
Lancet, 354: 99-105, 1999. 

132. Kaktnuma, R., Ohmatsu. H., Kaneko, M., Eguchi. K., Naruke, T., 
Nagai, K., Nishiwaki, Y., Suzuki. A., and Moriyama, N. Detection 
failures in spiral CT screening for lung cancer: analysis of CT findings. 
Radiology, 212: 61-66, 1999. 

133. Paranjpe, D. V., and Bergin, C. J. Spiral CT of the lungs: optimal 
technique and resolution compared with conventional CT. Am. J. Roent- 
genol., J62: 561-567, 1994. 

134. Seltzer, S. E., Judy, P. F., Adams. D. F., Jacobson, F. L., Stark, P., 
Kikinis, R., Swensson, R. G., Hooton, S., Head, B., and Feldman, U. 
Spiral CT of the chest: comparison of cine and film-based viewing. 
Radiology, 197: 73-78, 1995. 

135. Croisille, P., Souto, M., Cova, M., Wood, S., Afework, Y, Kuhl- 
man, J. E., and Zerhouni, E. A. Pulmonary nodules: improved detection 
with vascular segmentation and extraction with spiral CT. Radiology. 
/P7.-397-40L J995. 

136. Kanazawa. K.. Kawaia, Y.,.Nikj. N.. Satoh, R, Ohmatsu, H., 
Kakinuma, R„ and Kaneko. M. Computer-aided diagnosis for pulmo- 
nary nodules based on helical CT images. Comput. Med. Imaging 
Graph., 22: 157-167, 1998. 

137. Buckshee, N. ( Agnello, K., Yankelevitz,. D. F. f Mancuso, C. and 
Henschke, C. I. Smoking habits and overall satisfaction after early lung 
cancer screening using low-dose CT. ALA'ATS International Confer- 
ence, 1999. 

138. Coleman, R. E. PET in lung cancer. J. Nucl. Med.. 40: 814-820, 
1999. 

139. Maitra A. Wisstuba, I, L. Vimiani, A. K.. Sakaguchi. M. : Park, I.. 
Srucky, A., Milchgrub. S., Gibbons. D.. Minna, i. D., and Gazdar, A. F. 
Enrichment of epithelial cells for molecular studies. Nal. Med., 5: 
459-463, 1999. 

140. Kopelovich. L.. Henson, O. E., Gazdar. A. F.. Dubb. B., Srivas- 
tava, S.. Kelloff, G. J., and Greenwald. P. Surrogate anaiomio'fiirictional 



sites for evaluating cancer risk: an extension of the field effect. Clin. 
Cancer Res., 5: 3899-3905, 1999. 

141. Crowelt, R. E., GiNiland, F. D., Temes, R. T., Harms, H. J., Neft, 
R. E., Heaphy, E., Auckley, D. H., Crooks, L. A., Jordan, S. W., Samet, 
J. M., Lechner, J. F., and Belinsky, S. A. Detection of trisomy 7 in 
nonmalignant bronchial epithelium from lung cancer patients and indi- 
viduals at risk for lung cancer. Cancer Epidemiol. Biomark. Prev., 5: 
631-637, 1996. • 

142. Somers, V. A., van Henten, A. M. ( ten Velde, G. P, Arends, J. W., 
and Thunnissen, F. B. Additional value of K-ras point mutations in 
bronchial wash fluids for diagnosis of peripheral lung tumours. Eur. 
Respir. J., 13: 1 120-1 124, 1999. 

143. Yahata, N., Ohyashiki, K., Ohyashiki, J. H., Iwama, H., Hayashi, 
S., Ando, K., Hirano, T., Tsuchida, T„ Kato, H., Shay, J. W., and 
Toyama, K. Telomerase activity in rung cancer cells obtained from 
bronchia) washings. J. Natl. Cancer Inst., 90: 684-690, 1998. 

144. Wistuba, 1. I., and Gazdar, A. F. Molecular abnormalities in the 
sequential development of lung carcinoma. In: S. Srivastava, D. E 
Henson, and A. F. Gazdar (eds.), Molecular Pathology of Early Cancer, 
pp. 265-276. Amsterdam: IOS Press, 1999. 

145. Yashima, K., Litzky, L, A., Kaiser, L., Rogers, T., Lam, S., 
Wistuba, I.J., Milchgrub, S., Srivastava^ S., Piatyszek, M. A., Shay, 
J. W., and Gazdar, A. F. Telomerase expression in respiratory epithe- 
lium during the multistage pathogenesis of lung carcinomas. Cancer 
Res., '57: 2373-2377, 1997. 

146. Scott, F. M., Treston, A. M., Shaw, G. L., Avis, I., Sorenson, J-, 
Kelly, K., Dempsey, E. C, Cantor, A. B., Tockman, M., and Mulshinc, 
J. L. Peptide amidating activity in human bronchoalveolar lavage fluid. 
Lung Cancer (Limerick), 14: 239-251, 1996. 

147. Scott, F. M., Modalu R-, Lehman, T. A., Seddon, M., Kelly, K., 
Dempsey, E. C, Wilson, V., Tockman, M. S-, and Mulshine, J. L. High 
frequency of K-ras codon 12 mutations in bronchoalveolar lavage fluid 
of patients at high risk for second primary lung cancer. Clin. Cancer 
Res., 3: 479-482, 1997. 

148. Mills, N. E., Fishman, C L., Rom, W. N., and Jacobson, D. R. Has 
oncogene detection in bronchioloalveolar lavage fluid from patients 
with lung cancer. Lung Cancer (Limerick), 1 (Suppl.); II, 1994. 

J 49. Nawroz, H., Koch, W., Anker, P., Stroun, M., and Sidransky, D. 
Microsatellite alterations in serum DNA of head and neck cancer pa- 
tients. Nat. Med., 2: 1035-1037, 1996. 

150. Brennan, J. A., Mao, L. ; Hruban, R. H., Boyle, J. O., Eby, Y. J., 
Koch, W. M, Goodman, S. N., and Sidransky, D. Molecular assessment 
of histopathological staging in squamous-cell carcinoma of the head and 
neck. N. Engl. J. Med., 332: 429-435, J995. 

151. Ahrendt, S. A., Yang, S. C, Wu, L., Westra, W. H., Jen, J., 
Califano, J. A., and Sidransky, D. Comparison of oncogene mutation 
detection and telomerase activity for I he molecular staging of non- small 
cell lung cancer. Clin. Cancer Res., 3: 1207-1214, 1997. 

152. Gazdar, A. F., and Minna, J. D. NCI series of cell lines: an 
historical perspective. J. Cell. Biochem., 24 (Suppl): 1-11, 1996. 

153. Wistuba, I. 1., Bryant, D.. Behrens, C, Milchgrub, S., Virmani, 
A. K. f Ashfaq, R., Minna, J. D., and Gazdar, A. F. Comparison of 
features of human lung cancer cell lines and their corresponding tumors. 
Clin. Cancer Res., 5: 991-1000, 1999. 

154. Amstad, P., Reddel, R. R., Pfeifer, A., Malan. S. L., Mark, G. D., 
and Harris, C. C. Neoplastic transformation of a human bronchial 
epithelial cell line by a recombinani retrovirus encoding viral Harvey 
ras. Mol. Carcinog.; /: 1 5 1- 1 60, 1988. 

155. Franklin. W. A., Folkvord, J. M.. Varella-Garcia, M., Kennedy, T., 
Proudfoot, S., Cook, R., Dempsey, E. C, Helm, K.. Bunn, P. A., and 
Milter, Y. E. Expansion of bronchial epithelial cell populations by in 
vitro culture of cx plants from dysptastic and histologically norma) sites. 
Am. J. Respir. Cell Mol. Bio).. 15: 297-304, 1996. 

156. Kelsey, K., Spitz, M. f Zuo r A., and Wiencke, J. Deletion of 
glutathione S- transferase class ui and class 0 genes interacts to enhance 
susceptibility to lung cancer in minority populations. Cancer Causes 
Control. 1997. 



22 Review: Advances in Early Detect ion of Lung Cancer . 



157. Wu, X., Zhao, Y., Honn, S. Tomlinson, G. E., Minna, J. D., 
Hong, W. K., and Spitz, M. R. Benzo{d]pyrene did epoxide-induced 
3p21.3 aberrations and genetic predisposition to hing cancer. Cancer 
Res., 58: 1605-1608, 1998. 

158. Virmani, A. Fong, K. M., Kodagoda, q., Mclntire, D., Hung, 
J., Tonk, V., Minna, J. D., and Ga2dar, A. F. AHelotyping demonstrates 
common and distinct patterns of chromosomal loss in human Jung 
cancer types. Genes Chromosomes Cancer, 21: 308-319, 1998. 

159. Takahashi, T., Nau, M. M., Chiba, 1., Birrer, M. J., Rosenberg, 
R. K., Vinocour, M., Levitt, M., Pass, H., Gazdar, A. F., and Minna, 
J. D. p53: a frequent target for genetic abnormalities in lung cancer. 
Science (Washington DC), 246: 491-494, 1989. 

160. Forgacs, E. T Biesterveld, E. J., Sekido, Y., Fong, K. M., Muneer, 
S., Wistuba, I., Milchgrub, S., Brezihschek, R., Virmani, A., Gazdar, 
A.V, and Minna, J. D. Mutation analysis of the PTEN/MMACJ gene in 
lung cancer. Oncogene, 17: 1557-1565, 1998. . 

161. Mitsudomi, T., Steinberg, S., Oie, H. K., Mulshine, J. L., PheJps, 
R., Viallet, J., Pass, H., Minna, J. D., and Gazdar, A. F. ras gene 
mutations in non-small cell |ung cancers are associated with shortened 
survival irrespective of treatment intent. Cancer Res., 51: 4999-5002, 
1991. 

162. Sozzi, G., Veronese, M. L., Negrini, M., Baffa, R. r Corticelli, 
M. G., Jnoue, H., Tomielii, S., Pilot ti, S... Obta, M., Huebner. K., and 
Croce, C. M. The /WT* gene at 3pl4.2 is abnormal in lung cancer. Cell, 
85: 17-26. 1996. 

163. Anbazhagan, R., Tihan. T._. Bomman. D. M. t Johnston. J. C, Saltz, 
J. H., Weigering, A., Piantadosi, S., and Ga,brielson, E. Classification of 
small cell lung cancer and pulmonary carcinoid by gene expression 
profiles. Cancer Res., 59: 5 1 1 9-5 1 22, 1 999. 

164. Hibi, K., Liu, Q.. Beaudry, G. A. f Madden, S. L., Westra, H., 
Wehage, S. L., Yang, S. C, HeitmiJler, R. F., Bertelsen, A. H., Sidran- 
sky, D., and Jen, J. Serial analysis of gene expression in non-small cell 
lung cancer. Cancer Res., 58: 5690-5694, 1998. 

165. Sozzi, G., Pastorino, U. f Moiraghi, L., Tagliabue, E., Pezzella, F., 
Ghirelli, C, Tomielii, S., Sard, L., Huebner, K., Pieroiti, M. A., Croce, 
C. M., and Pilotii, S. Loss of FHIT function in lung cancer and 
preinvasive bronchial lesions. Cancer Res. 5 58: 5032-5037, 1998. 



166. Tockman, M. S., and Mulshine, J. L. Sputum screening by quan- 
titative microscopy: a new dawn for detection of rung cancer? Mayo 
Clin. Proc., 72: 788-790, 1997. 

167. Jzzo, J., and Hittelman, W. N. Characterization of muln'step tu- 
morigenesis by in situ hybridization. In: M. Andreeff and D. Pinkel 
(eds.), Introduction to FISH. In press, 2001 . 

168. Neft, R. E., Crowed R. E, Gilliland, F. D., Murphy, M. M., Lane, 
J. L., Harms, H., Coons, T., Heaphy, E., Belinsky,.S. A-, and Lechner, 
J. F. Frequency of trisomy 20 in nonmalignant bronchia) epithelium 
from lung cancer patients and cancer-free former uranium miners and 
smokers. Cancer Epidemiol. Biomark. Prev, 7: 1051-1054, 1998; 

169. Heppell-Parton, A. C, Nacheva, E., Carter, N. P., and Rabbitts, 
P. H. A combined approach of converitional'and molecular cytogenetics 
for detailed karyotypic analysis of the small cell hing carcinoma cell line 
U2020. Cancer Genet CytogencL, 108: 1 10-1 19, 1999. 

170. Lechner, h F., Neft, R., Gilliland, F. D., Crowell, R. E., Auckery, 

D. H., Temes, R. T., and Belinsky, S. A. Individuals at high risk for rung 
cancer have airway epithelial cells with chromosome aberrations fre- 
quently found in lung tumor cells. In Vivo 12: 23-26, 1998. 

171. Walch, A. K., Zitzelsberger, H. F., Aubele, M. M., Mattis, A. E., 
Bauchinger, M., Candidus, S., Prauer, H. W., Werner, M., and Hofler, 
H. Typical and atypical carcinoid tumors of the hing are characterized 
by llq deletions as detected by comparative genomic hybridization. 
Am. J. Pathol., J 53: 1089-1098, 1998. 

172. Petersen, L, Bujard, M., Petersen, S., Wolf, G., Goeze, A., Sch- 
wendel, A., Langreck, H., Gellert, K., Reichel, M., Just, K., du Manoir, 
S., Crerner, T., Dielel, M., and Ried, T. Patterns of chromosomal 
imbalances in adenocarcinoma and squamous cell carcinoma of the 
rung. Cancer Res., 57: 2331-2335, 1997. 

173. Smith, A. L., Hung, J., Walker, L., Rogers, T. E., Vuitch, F., Lee, 

E. , and Gazdar, A. F. Extensive areas of aneuploidy are present in the 
respiratory epithelium of rung cancer patients. Br. J. Cancer, 73: 203— 
209, 1996. 

J 74. MacAulay, C. E., Lam, Si, Kein- Parker, H., Gazdar, A., Guillaud, 
M., Payne, P., LeRiche, }., Dawe, C, Band, P., and Palcic, B. Interme- 
diate endpoint biomarkers for lung cancer chemoprevention. SPIE. 
3260: 207-211, 1998. 




MOLECULAR BIOLOGY OF 

THE CELL 

THIRD EDITION 



Bruce Alberts • Dennis Bray 
Julian Lewis • Martin Raff • Keith Roberts 
James D.Watson 




Garland Publishing, Inc. 
New York & London 




GARLAND STAFF 
Text Editor: Miranda Robertson 
Managing Editor: Ruth Adams 
Illustrator: Nigel Orme 

Molecular Model Drawings: Kate Hesketh- Moore 
Director of Electronic Publishing: John M-Roblin 
Computer Specialist: Chuck Bartelt 
Disk Preparation: Carol Winter 
Copy Editor Shirley M. Cobert 
Production Editor: Douglas Goertzen 
Production Coordinator Perry Bessas 
Indexer: Maija Hinkle 

Bruce Alberts received his Ph.D. from Harvard University and is 
currently President of the National Academy of Sciences and Professor 
of Biochemistry and Biophysics at I he University of California, San 
Francisco. Dennis Hray received his Ph.D. from the Massa* husclls 
Institute of Technology and is currently a Medical Research Council 
Fellow in the Department of/oology, University of Cambridge. 
Julian Lewis received his D.Phil. -from I he University of Oxford and is 
currently a Senior Scientist in the Imperial Cancer Research Fund 
Developmental Biology Unit, University of Oxford. Mnrtin /to//* received 
his M.D. from McCill University and is currently a Professor in the MRC 
Laboratory lor Molecular ("ell Biology and the Biology Department, 
University College, London. Kt'iffi Rolnrts received his Ph.D. from the 
University of Cambridge and is currently Head of the Department of Cell 
Biology, the John Innes Insiiinle, Norwich, funu's I). Wtttson received his 
Ph.D. from Indiana University and is currently Director of the ('old Spring 
I larbor Laboratory. He is the author of Mohrulnr liiofo^yofihe Ce//e:and, 
with Francis Crick and Maurice Wilkins, won the Nobel Prize in Medicine 
and Physiology 7 in I%2. 

O I !)ttt. 11)11!), m<1 by Bruce Alberts. Dermis Bray. Julian Lewis, 
Martin Raff. Keilh Roberts, and James I). Watson. 

Al! rights reserved. No pari of this book covered by the copyright hereon 
may be reproduced or used in any form or by any means - graphic, 
electronic, or mechanical, including photocopying, recording, taping, or 
inhumation storage and retrieval systems - without permission of the 
publisher. 

Library of Congress Cataloging- in- Publication Data 
Molecular biology ol the cell / Bruce Alberts . . ; [el al.j. ;trd ed. 
p. cm. 

Includes bibliographical references and index. 

ISBN 0-Ht5;t- tlil!M (hard cover). ISBN 0- H LVt I 1120 it | pbk.) ' 

1. Cytology. 2. Molecular biology. I. Alberts. Bruce. 

IUNLM: I. Cells. 2. Molecular Biology. OH 5BI.2 M7IH l!)!H| 
Qll5»L2.Ml>1 l!)?M 
57-1.1)7— dc20 
DNLM/DI.C 

for Library ■ »l" < long! ess !»:i-'L r >!M7 

CIP 

Published by Cat land Publishing, Inc. 
717 Fifth Avenue. New York. NY 1 1)022 

Printed in the United States of America 
15 14 13 12 Jt) 9 H 7 6 5 -1 i 2 I 




' % 

Lnml cover: The photograph shows a ral nerve eell ;. ; 
• in culture. It is labeled widt a fluorescent antibody 
. that stains its eell body and dendritic processes 
i vfthmr)- Nerve terminals i.e/ivi/) from other 
neurons mot visible), which have made synapses on 
the cell, are labeled with a different antibody, 
(i lourtesy ol'Olaf Mondial and Pielro de Camilli.) s 

Dedication page: < iavin Borden, late president 

ol liar land Publishing, weathered in during his ' 

mid- 1 ?*Ui>s climb near Mount McKinley with / 

MBnt ! author Bruce Alberts and famous mountaineer 

guide Mugs Slump i l!M0- I :):(:.'_;. [j 

•r 

Back cover: I In* authors, in alphabetical order. /' 
crossing Abbey Hoad in London on their way to lunch. 
Much of this third edition was written in a house just 
around the corner. {Photograph by Richard Olivier.) 



r 



extracts. If these minor cell proteins differ among cells to the same extent as the 
more abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
in cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops \b its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specialization— different cell types often respond in dif- 
ferent ways to the same exlracellular signal Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 

Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed { tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exporied to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
. (translational control), (5) selectively destabilizing certain mKNA molecules in 
. the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). . 

Formost genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 
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Hgure 9-2 Six steps at which 
eucaryole gene expression can be 
controlled. Only controls thai operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by proiein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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' r niwv >i -7 1 A mechanism to explain 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to he transcribed in different cells. Since many spe- 
cialized animal cells can mam tain their an itf tie character when grown in till tare, the 
. gene regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the celt divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher encaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each oftvftich inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their oivn synthesis, provide a general mechanism for cell memory. 

In encaryotes gene transcription is generally controlled by combinations of gene 
regain tiny proteins, tt is llumght ttuit each type of celt in a ftigher eucatyotic organ htm 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell. A given gene regulatory pro- 
tein may be rx pressed in n variety of circumstances and typically is involved in the 
regulation nf many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are a 1st) ntilizett by eucuryotic celts. to regulate gene expression. In ver- 
tebrates DNA methylntion afso plays ft part, mainly as a device to reinforce decisions 
about gene expression that it re matte initially by other mechanisms. 



Allhough controls on the imitation ol gene transcription are ihc predominant 
form of rem i kit ion lor most genes, other controls can ael later in the pathway 
from UNA to protein to modulate the amount of gene product that is made. Al- 
though these posttranscriptional controls, which operate alter UNA polymerase 
has hound to the gene's promoter and begun UNA synthesis, are less common 
than transcriptional control, for many genes they are crucial. II seems that every 
step in gene expression that could he controlled in principle is likely to he regn- 
laled u oiler some circumstances for some genes. 

We consider the varieties of posttrnnscriptional regulation in temporal or- 
der, according to the sequence of events that might he experienced by an RNA 
molecule idler its transcription has begun (Figure 9-72). 
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Figure 6—3 Genes can be expressed 
with different efficiencies. Gene A rs 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

Transcription and translation are the means by which cells read out, orexpress, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions . 
is to copy a particular portion of its DNA nucleotide sequence — a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
. the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two respects: (1) the nucleotides in RNA are 
ribonucleotides — that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G)> and cytosine (Q, it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, likeT, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is singJe-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 

Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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lire 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene froni being expressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 



Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 



Summary 

The translation of the nucleotide sequence of an mRNA ntoleade info protein takes 
place in the cytoplasm on a large rihomtcteoprotein assembly called a ribosome. The 
amino acids used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base- pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read froni one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomat subunit binds to the mHNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs^-each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls that operate at 
steps - I through 5 are discussed in this 
chapter. Step 6. the regulation of protein 
activity, includes reversible activation or 
inactivation by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAsin the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control} (Tigure 7-5). 

For most genes transcriptional controls are paramount. Ibis makes sense 
because, of all the possible control points illustrated in Figure .7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this .function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 



Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells. Although all of the steps involved in expressing a gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
important point of control. 



Mow does a cell determine which of its thousands of genes to transcribe? As 
•iisniioned briefly in Chapters A and 6. the transcription of each gene is con- 
ii oiled by a regulatory region of DNA relatively near the site where transcription 
logins. Some regulatory regions are simple and act as switches that are thrown 
l>V a single signal. Many others are complex and act as tiny microprocessors, 
responding to a variety of signals that they interpret and integrate to switch the 
neighboring gene on or off. Whether complex or simple, these switching devices 
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CHAPTER 29 

Regulation of transcription 



The pheiiotypic differences that distinguish the 
various kinds of cells in a higher eukaryote are 
largely due to differences in the expression of 
genes that code for proteins, that is, those tran- 
scribed by RNA polymerase IJ. In principle, the 
expression of these genes might be regulated at 
any one of several stages. The concept of the 
"level of control" implies that gene expression 
is not necessarily an automatic process once it 
has begun. It could be regulated in a gene- 
specific way at any one of several sequential 
steps. We can distinguish (at least) five poten- 
tial control points, forming the series: 

Activation of gene structure 

Initiation of transcription 
i 

Processing the transcript 
I 

Transport to cytoplasm 
I 

Translation of mRNA 

The existence of the first step is implied by 
the discovery that genes may exist in either of 
two structural conditions. Relative to the state 
of most of the genome, genes are found in 
an "active" state in the cells in which they 
are expressed (see Chapter 27). The change of 
structure is distinct from the act of transcrip- 
tion, and indicates that the gene is "transcrib 
able/ This suggests that acquisition of the 
"active" structure must be the first step in gene 
expression. 

Transcription of a gene in the active state is 



controlled at the stage of initiation, tnat is, by 
the interaction of RNA polymerase with its pro- 
moter. This is now becoming susceptible to 
analysis in the in vitro systems (see Chapter 
28). For most genes, this is a major control 
point; probably it is the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in eukary- 
otic cells, for example, via antitermination 
mechanisms. 

The primary transcript is modified by capping 
at the 5' end K and usually also by polyadenyla- 
tion at the 3' end. Introns must be spliced out 
from the transcripts of interrupted genes. The 
mature RNA must be exported from the nucleus 
to the cytoplasm. Regulation of gene expression 
by selection of sequences at the level of nuclear 
RNA might involve any or all of these stages, 
but ^the one for which we have most evidence 
concerns changes in splicing; some genes , are 
expressed by means of alternative splicing pat- 
terns whose regulation controls the type of pro- 
tein product (see Chapter 30). 

Finally, th e translation of an rnRNA in the cyto- 
plasm can be specifically controlled. There is little 
evidence for the employment of this mechanism in 
adult somatic cells, but it does occur in some 
embryonic situations, as described in Chapter 7. 
The mechanism is presumed to involve the block- 
ing of initiation of translation of some mRNAs by 
specific protein factors. 

But having acknowledged that control of gene 
expression can occur at multiple stages, and 
that production of RNA cannot inevitably be 
equated Willi production of protein, it is clear 
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that the overwhelming majority of regulatory 
events occur at the initiation of transcription. 
Regulation of tissue- specific gene transcription 
lies at the heart of euliaryotic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor, and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they share a promoter element that is recognized 
by a regulatory transcription factor. An element 
that causes a gene to respond to such a factor 
is called a response element; examples are the 
v HSE (heat shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for a short distance on either side of 



Table 29.1 Inducible transcription factors bind to 
response elements that identify groups of promoters 
or enhancers subject to coordinate control. . 



Regulatory Agent Module Consensus 



Factor 



Heat shock HSE . CNNGAANNTCCNNG HSTF 

Glucocorticoid GRE TGGTACAAATGTTCT Recepiof 

Phorboi ester TRE TGACTCA API 

Serum SRE CCATATTAGG SRF 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances from 
the startpoint^ but are usually <200 bp upstream 
of it The presence of a single element usually 
is sufficient to confer the regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in pro- 
moters or in enhancers. Some types of elements 
are typically found in one rather than the other: 
usually an HSE is found in a promoter, while a 
GRE is found in an enhancer. We assume that 
all response elements function by the same 
general principle. A gene is regulated by a 
sequence at the promoter or enhancer that is 
recognized by a specific protein. The protein 
Junctions as a transcription factor needed for 
RNA polymerase to initiate. Active protein is 
available only under conditions when the gene is 
to be expressed; its absence means that the pro- 
moter is not activated by this particular circuit 
An example of a situation in which many 
genes are controlled by a single factor is pro- 
vided by the heat shock response. This is com- 
mon to a wide range of prokaryotes and 
eukaryotes and involves multiple controls of 
gene expression: an increase in temperature 
turns off transcription of some genes, turns on 
transcription of the heat shock genes, and 
causes changes in the translation of mRNAs. 
The control of the heal shock genes illustrates 
the differences between prokaryotic and 
eukaryotic modes of control. In bacteria, a nev? 
sigma factor is synthesized that directs RNA 
polymerase holoenzyme to recognize an alter- 
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Background 

Prostate stem cell antigen (PSCA) is a recently defined homologue of the 
Thy-l/Ly-6 family of glycosylphosphatidylinositol (GPl)-anchored cell 
surface antigens. The purpose of the present study was to examine the 
expression status of PSCA protein and mRNA in clinical specimens of human 
prostate cancer (Pea) and to validate it as a potential molecular target for 
diagnosis and treatment of Pea. 



Materials and Methods 



Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections 
from 20 benign prostatic hyperplasia (BPH), 20 prostatic intraepithelial 
neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was 
semiquantitatively scored by assessing both the percentage and intensity of 
PSCA-positive staining ceils in the specimens. Then compared PSCA 
expression between BPH, PIN and Pea tissues and analysed the correlations 
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of PSCA expression level with pathological grade, clinical stage and 
progression to androgen-independence in Pea. 

Results 

In BPH and low grade PIN, PSCA protein and mRNA staining were weak or 
negative and less intense and uniform than that seen in HGPIN and Pea. 
There were moderate to strong PSCA protein and mRNA expression in 8 of 
11 (72:7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by 
IHC and ISH analyses, with statistical significance compared with BPH 
(20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). The 
expression level of PSCA increased with high Gleason grade, advanced stage 
and progression to androgen-independence (p < 0.05, respectively). In 
addition, IHC and ISH staining showed a high degree of correlation between 
PSCA protein and mRNA overexpression. 

Conclusions 

Our data demonstrate that PSCA as a new cell surface marker is 
overexpressed by a majority of human Pea. PSCA expression correlates 
positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and 
androgen-independence, and speculatively with prostate carcinogenesis. 
PSCA protein overexpression results from upregulated transcription of PSCA 
mRNA. PSCA may have prognostic utility and may be a promising molecular 
target for diagnosis and treatment of Pea. 
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Prostate cancer (Pea) is the second leading cause of cancer-related death in 
American men and is becoming a common cancer increasing in China. 
Despite recently great progress in the diagnosis and management of 
localized disease, there continues to be a need for new diagnostic markers 
that can accurately discriminate between indolent and aggressive variants of 
Pea. There also continues to be a need for the identification and 
characterization of potential new therapeutic targets on Pea ceils. Current 
diagnostic and therapeutic modalities for recurrent and metastatic Pea have 
been limited by a lack of specific target antigens of Pea. 

Although a number of prostate-specific genes have been identified (i.e. 
prostate specific antigen, prostatic acid phosphatase, glandular kallikrein 2), 
the majority of these are secreted proteins not ideally suited for many 
immunological strategies. So, the identification of new cell surface antigens 
is critical to the development of new diagnostic and therapeutic approaches 
to the management of Pea. 



Retter RE et al [1] reported the identification of prostate stem cell antigen 
(PSCA), a cell surface antigen that is predominantly prostate specific. The 
PSCA gene encodes a 123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs to a member of 
the Thy-l/Ly-6 family and is anchored by-a glycosylphosphatidylinositol 
(GPI) linkage. mRNA in situ hybridization (ISH) localized PSCA expression in 
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normal prostate to the basal cell epithelium, the putative stem cell 
compartment of prostatic epithelium, suggesting that PSCA may be a 
marker of prostate stem/progenitor cells. 

In order to examine the status of PSCA protein and mRNA expression in 
human Pea and validate it as a potential diagnostic and therapeutic target 
for Pea, we used immunohistochemistry (1HC) and in situ hybridization 
(ISH) simultaneously, and conducted PSCA protein and mRNA expression 
analyses in paraffin-embedded tissue specimens of benign prostatic 
hyperplasia (BPH, n = 20), prostate intraepithelial neoplasm (PIN, n = 20) 
and prostate cancer (Pea, n = 48). Furthermore, we evaluated the possible 
correlation of PSCA expression level with Pea tumorigenesis, grade, stage 
and progression to androgen-independence. 
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Tables 



Table! 

Correlation of PSCA 
. expression with Gleason 
score 
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Table 2 

Correlation of PSCA 
expression with clinical 
stage 



Tissue samples 

All of the clinical tissue specimens studied herein were obtained from 80 
patients of 57-84 years old by prostatectomy, transurethral resection of 
prostate (TURP) or biopsies. The patients were classified as 20 cases of BPH, 
20 cases of PIN, 40 cases of primary Pea, including 9 patients with recurrent 
Pea and a history of androgen ablation therapy (orchiectomy and/or 
hormonal therapy), who were referred to as androgen-independent prostate 
cancers. Eight specimens were harvested from these androgen-independent 
Pea patients prior to androgen ablation treatment. Each tissue sample was 
cut into two parts, one was fixed in 10% formalin for IHC and the other 
treated with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% DEPC for 1 h 
for ISH analysis, and then embedded in paraffin. All paraffin blocks 
examined were then cut into 5 ^m sections and mounted on the glass slides 
specific for IHC and ISH respectively in the usual fashion. H&E-stained 
section of each Pea was evaluated and assigned a Gleason score by the 
experienced urological pathologist at our institution based on the criteria of 
Gleason score [2]. The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmbre-prout staging system, 
as shown in Tahle 2. In the category of PIN, we graded the specimens into 
two groups, i.e. low grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures [3,4]. 

Immunohistochemical (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, and subjected to 
microwaving in 10 mmol/L citrate buffer, PH 6.0 (Boshide, Wuhan, China) in 
a 900 W oven for 5 min to induce epitope retrieval. Slides were allowed to 
cool at room temperature for 30 min. A primary mouse antibody specific to 
human PSCA (Boshide, Wuhan, China) with a 1:100 dilution was applied to 
incubate with the slides at room temperature for 2 h. Labeling was detected 
by sequentially adding biotinylated secondary antibodies and strepavidin- 
peroxidase, and localized using 3,3'-diaminobenzidine reaction. Sections 
were then counterstained with hematoxylin. Substitution of the primary 
antibody with phosphate-buffered-saline (PBS) served as a negative- 
staining control. 
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mRNA in situ hybridization (ISH) 

Five-pm-thick tissue sections were deparaffinized and dehydrated/ then 
digested in pepsin solution (4 mg/ml in 3% citric acid) for 20 min at 37.5°C, 
and further processed for ISH. Digoxigenin-Iabeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, Wuhan, China) were 
hybridized to the sections at 48°C overnight. The posthybridization wash 
with a high stringency was performed sequentially at 37°C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min and in 0.2 x SSC 
for 30 min. The slides were then incubated to biotinylated mouse anti- 
digoxigenin antibody at 37.5°C for 1 h followed by washing in 1 x PBS for 
20 min at room temperature, and then to strepavidin-peroxidase at 37.5°C 
for 20 min followed by washing in 1 x PBS for 15 min at room temperature. 
Subsequently, the slides were developed with diaminobenzidine and then 
counterstained with hematoxylin to localize the hybridization signals^ 
Sections hybridized with the sense control probes routinely did not show any 
specific hybridization signal above background. All slides were hybridized 
with PBS to substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA immunostaining 
and mRNA in situ hybridization, the same scoring manners are taken in the 
present study for PSCA protein staining by IHC and PSCA mRNA staining by 
ISH. Each slide was read and scored by two independently experienced 
urological pathologists using Olympus BX-41 light microscopes. The 
evaluation was done in a blinded fashion. For each section, five areas of 
similar grade were analyzed semiquantitative^ for the fraction of cells 
staining. Fifty percent of specimens were randomly chosen and rescored to 
determine the degree of interobserver and intraobserver concordance. There 
was greater than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopically was graded on a 
scale of 0 to 3+ with 3 being the highest expression observed (0, no 
staining; 1+, mildly intense; 2+, moderately intense; 3+, severely intense). 
The staining density was quantified as the percentage of cells staining 
positive for PSCA with the primary antibody or hybridization probe, as 
follows: 0 = no staining; 1 = positive staining in <25% of the sample; 2 = 
positive staining in 25%-50% of the sample; 3 = positive staining in >50% 
of the sample. Intensity score (0 to 3+) was multiplied by the density score 
(0-3) to give an overall score of 0-9 [1,5]. In this way, we were able to 
differentiate specimens that may have had focal areas of increased staining 
from those that had diffuse areas of increased staining [6]. The overall score 
for each specimen was then categorically assigned to one of the following 
groups: 0 score, negative expression; 1-2 scores, weak expression; 3-6 
scores, moderate expression; 9 score> strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expression in BPH, PIN and 
Pea tissues were compared using the Chi-square and Student's t-test. 
Univariate associations between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were calculated using 
Fisher's Exact Test. For all analyses, p < 0.05 was considered statistically 
significant. 
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Figures 



Figure 1 

Representatives of PSCA 
IHC and ISH staining in Pea 
(A. IHC staining, B. ISH 
staining, x200 
magnification) 



PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed weakly in individual 
samples of BPH. Some areas of prostate expressed weak levels (composite 
score 1-2)/ whereas other areas were completely negative (composite score 
0). Four cases (20%) of BPH had moderate expression of PSCA protein and 
mRNA (composite score 4-6) by. IHC and ISH. In 2/20 (10%) BPH 
specimens, PSCA mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 2) in one and 
negative (composite score 0) in the other. PSCA expression was localized to 
the basal and secretory epithelial cells, and prostatic stroma was almost 
negative staining for PSCA protein and mRNA in all cases examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of PSCA protein and 
mRNA (^2 scores) in 7 of 9 (77,8%) low grade PIN and in 2 of 11 (18:2%) 
HGPIN, and moderate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate PSCA mRNA 
expression (6 score) was found weak staining for PSCA protein (2 score) by 
IHC. Strong PSCA protein and mRNA expression (9 score) were detected in 
the remaining 3 of 11 (27.3%) HGPIN. There was a statistically significant 
difference of PSCA protein and mRNA expression levels observed between 
HGPIN and BPH (p <0.05), but no statistical difference. reached between 
low grade PIN and BPH (p > 0.05). 



PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be detected in prostate 
cancers and if PSCA expression levels are increased in malignant compared 
with benign glands, Forty-eight paraffin-embedded Pea specimens were 
analysed by IHC and ISH. It was shown that 19 of 48 (39.6%) Pea samples 
stained very strongly for PSCA protein and mRNA with a score of 9 and 
another 21 (43.8%) specimens displayed moderate staining with scores of 
4-6 (Figure 1). In addition, 4 specimens with moderate to strong PSCA 
mRNA expression (scores of 4-9) had weak protein staining (a score of 2) 
by IHC analyses. Overall, Pea expressed a significantly higher level of PSCA 
protein and mRNA than any other specimen category in this study (p < 
0.05, compared with BPH and PIN respectively). The result demonstrates 
that PSCA protein and mRNA are overexpressed by a majority of human 
Pea. 



Correlation of PSCA expression with Gleason score in Pea 

Using the semi-quantitative scoring method as described in Materials and 
Methods, we compared the expression level of PSCA protein and mRNA with 
Gleason grade of Pea, as shown in Table l. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentiation, 5-7 scores = 
moderate-differentiation and 8-10 scores = poor-differentiation [7].. 
Seventy-two percent of Gleason scores 8-10 prostate cancers had very 
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strong staining of PSCA compared to 21% with Gleason scores 5-7 and 17% 
with 2-4 respectively, demonstrating that poorly differentiated Pea had 
significantly stronger expression of PSCA protein and mRNA than 
moderately and well differentiated tumors (p < 0.05). As depicted in Figure 
1, IHC and ISH analyses showed that PSCA protein and mRNA expression in 
several cases of poorly differentiated Pea were particularly prominent, with 
more intense and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we showed the 
results in Table 2. Seventy-five percent of locally advanced and node 
positive cancers (i.e. C-D stages) expressed statistically high levels of PSCA 
versus 32.5% that were organ confined (i.e. A-B stages) (p < 0.05). The 
data demonstrate that PSCA expression increases significantly with 
advanced tumor stage in human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate cancers stained positive 
for PSCA protein and mRNA. Eight specimens were obtained from patients 
managed prior to androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the strongest staining 
category (score = 9), compared with three out of eight (37.5%) of patients 
with andrdgen-dependent cancers (p < 0.05). The results demonstrate that 
PSCA expression increases significantly with progression to androgen- 
independence of human Pea. 

It is evident from the results above that within a majority of human prostate 
cancers the level of PSCA protein and mRNA expression correlates 
significantly with increasing grade, worsening stage and progression to 
androgen-independence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the results of PSCA IHC 
staining with mRNA ISH analysis. Positive staining areas and its intensity 
and density scores evaluated by IHC were identical to those seen by ISH in 
79 of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/48 Pea 
respectively). Importantly, 27/27 samples with PSCA mRNA composite 
scores of 0-2, 32/36 samples with scores of 3-6 and 22/24 samples with a 
score of 9 also had PSCA protein expression scores of 0-2, 3-6 and 9 
respectively. However, in 5 samples with PSCA mRNA overall scores of 3-6 
and in 2 with scores of 9 there were less or negative PSCA protein 
expression (i.e. scores of 0-4), suggesting that this may reflect 
posttranscriptional modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data demonstrate that 
the results of PSCA immunostaining were consistent with those of mRNA 
ISH analysis, showing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Outline Discussion 

PSCA is homologous to a group of cell surface proteins that mark the 
earliest phase of hematopoietic development. PSCA mRNA expression is 
prostate-specific in normal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts (LAPC-4 tumors). We 
hypothesize that PSCA may play a role in Pea tumorigenesis and 
progression, and may serve as a target for Pea diagnosis and treatment. In 
this study, IHC and ISH showed that in general there were weak or absent 
PSCA protein and mRNA expression in BPH and low grade PIN tissues. 
However, PSCA protein and mRNA are widely expressed in HGPIN, the 
putative precursor of invasive Pea, suggesting that up-regulation of PSCA is 
an early event in prostate carcinogenesis. Recently, Reiter RE etal [1], 
using ISH analysis, reported that 97 of 118 (82%) HGPIN specimens stained 
strongly positive for PSCA mRNA. A very similar finding was seen on mouse 
PSCA (mPSCA) expression in mouse HGPIN tissues by Tran C. P et al [8]. 
These data suggest that PSCA may be a new marker associated with 
transformation of prostate cells and tumorigenesis. 

. We observed that PSCA protein and mRNA are highly expressed in a large 
percentage of human prostate cancers, including advanced, poorly 
differentiated, androgen-independent and metastatic cases. Fluorescence- - 
activated cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in Pea cells [9], Our 
IHC expression analysis of PSCA shows not only cell surface but also 
apparent cytoplasmic staining of PSCA protein in Pea specimens (Figure I). 
One possible explanation for this is that anti-PSCA antibody can recognize 
PSCA peptide precursors that reside in the cytoplasm. Also, it is possible 
that the positive staining that appears in the cytoplasm is actually from the 
overlying cell membrane [5], These data seem to indicate that PSCA is a 
novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression correlates with high 
grade (i.e. poor differentiation), increased tumor stage and progression to 
androgen-independence of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein expressed in 
94% of primary Pea and the intensity of PSCA protein expression increased 
with tumor grade, stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al [10], in which the 
significant association between high PSCA expression and adverse 
prognostic features such as high Gleason score, seminal vesicle invasion and 
capsular involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recurrence, clinical 
progression or survival of Pea. Hara H et al [M] used RT-PCR detection of 
PSA, PSMA and PSCA in 1 ml of peripheral blood to evaluate Pea patients 
with poor prognosis. The results showed that among 58 PCa patients, each 
PCR indicated the prognostic value in the hierarchy of PSCA>PSA>PSMA RT- 
PCR, and extraprostatic cases with positive PSCA PCR indicated lower 
disease-progression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic factor. Dubey P et al 
[12] reported that elevated numbers of PSCA + cells correlate positively 
with the onset and development of prostate carcinoma over a long time 
span in the prostates of the TRAMP and PTEN +/- models compared with its 
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normal prostates. Taken together with our present findings, in which PSCA 
is overexpressed from HGPIN to almost frank carcinoma, it is reasonable 
and possible to use increased PSCA expression level or increased numbers 
of PSCA-positive cells in the prostate samples as a prognostic. marker to 
predict the potential onset of this cancer. These data raise the possibility 
that PSCA may have diagnostic utility or clinical prognostic value in human 
Pea. 

The cause of PSCA overexpression in Pea is not known. One possible 
mechanism is that it may result from PSCA gene amplification. In humans, 
PSCA is located on chromosome 8q24.2 [1], which is often amplified in 
metastatic and recurrent Pea and considered to indicate a poor prognosis 
[13-15]. Interestingly, PSCA is in close proximity to the c-myc oncogene, 
which is amplified in >20% of recurrent and metastatic prostate cancers' 
[16,17]. Reiter RE et al [18] reported that PSCA and MYC gene copy 
numbers were co-amplified in 25% of tumors (five out of twenty), 
demonstrating that PSCA overexpression is associated with PSCA and MYC 
coamplification in Pea. Gu Z et al [9] recently reporteted that in 102 
specimens available to compare, the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had identically positive areas 
of PSCA protein and mRNA expression. Taken together with our findings, in 
which we detected moderate to strong expression of PSCA protein and 
mRNA in 34 of 40 (85%) Pea specimens examined simultaneously by IHC 
and ISH analyses, it is demonstrated that PSCA protein'and mRNA 
overexpressed in human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its mRNA. 

At present, the regulation mechanisms of human PSCA expression and its 
biological function are yet to be elucidated. PSCA expression may be 
regulated by multiple factors [18]. Watabe T et al [19] reported that 
transcriptional control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be regulated or 
mediated through cell-cell contact and protein kinase C (PKC) [20]. 
Homologues of PSCA have diverse activities, and have themselves been 
involved in carcinogenesis. Signalling through SCA-2 has been demonstrated 
to prevent apoptosis in immature thymocytes [21], Thy-1 is involved in T 
cell activation and transducts signals through src-like tyrosine kinases [22]. 
Ly-6 genes have been implicated both in tumorigenesis and in cell-cell 
adhesion [23-25]. Cell-cell or cell-matrix interaction is critical for local tumor 
growth and spread to distal sites. From its restricted expression in basal 
cells of normal prostate and its homology to SCA-2, PSCA may play a role in 
stem/progenitor cell function, such as self-renewal (i.e. anti-apoptosis) 
and/or proliferation [1]. Taken together with the results in the present 
study, we speculate that PSCA may play a role in tumorigenesis and clinical 
progression of Pea through affecting cell transformation and proliferation. 
From our results, it is also suggested that PSCA as a new cell surface 
antigen may have a number of potential uses in the diagnosis, therapy and 
clinical prognosis of human Pea. PSCA overexpression in prostate biopsies 
could be used to identify patients at high risk to develop recurrent or 
metastatic disease, and to discriminate cancers from normal glands in 
prostatectomy samples. Similarly, the detection of PSCA-overexpressing 
cells in bone marrow or peripheral blood may identify and predict metastatic 
progression better than current assays, which identify only PSA-positive or 
PSMA-positive prostate cells. 
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In summary, we have shown in this study that PSCA protein and mRNA are 
maintained in expression from HGPIN through all stages of Pea in a majority 
of cases, which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell differentiation), 
advanced stage and androgen-independent progression. PSCA protein 
overexpression is due to the upregulation of its mRNA transcription. The 
results suggest that PSCA may be a promising molecular marker for the 
clinical prognosis of human Pea and a valuable target for diagnosis and 
therapy of this tumor. 
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Abstract 

Translation initiation is regulated in response to 
nutrient availability and autogenic stimulation and is 
coupled with cell cycle progression and ceD growth. 
Several alterations in translaUonal control occur in 
cancer. Variant roRNA sequences can alter the 
translational efficiency of individual mRNA molecules, 
which in turn play a rote in cancer biology. Changes in 
the expression or availability of components of the 
translational machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overall rate of protein synthesis and translational 
activation of the mRNA molecules involved in cell 
growth and proliferation. We review the basic 
principles of translational control; the alterations 
encountered in cancer, and selected therapies 
targeting translation initiation to help elucidate new 
therapeutic avenues. 

Introduction 

The fundamental principle of molecular therapeutics in can- 
cer is to exploit the differences in gene expression between 
cancer ceils and normal cells. With the advent of cDNA array 
technology, most efforts have concentrated on identifying 
differences in gene expression at the level of mRNA, which 
can be attributable either to DNA amplification or to differ- 
ences in transcription. Gene expression is quite complicated, 
however, and is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of translational regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur in early embryogenesrs in eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues until the embryo reaches midblastula transition, the 
4000-cell stage. Therefore, all necessary mRNA molecules are 
transcribed during oogenesis and stockpiled in a transJationally 
inactive, masked form. The mRNA are trans tationalfy activated 
at appropriate times during oocyte maturation, fertilization, and 



early embryogenesis and thus, are under strict translational 
control. 

Translation has an established role in cell growth. Basi- 
cally, an increase in protein synthesis occurs as a conse- 
quence of mitogenesis. Until recently, however,, little was 
known about the alterations in mRNA translation in cancer, 
and much is yet to be discovered about their role in the 
development and progression of cancer. Here we review the 
basic principles of translational control, the alterations en- 
countered in cancer, arid selected therapies targeting transta- . 
lion initiation to elucidate potential new therapeutic avenues. . 

Basic Principles of Translational Control 
Mechanism of Translation Initiation 
Translation mitiation is the main step in translational regulation. 
Translation initiation is a complex process in which the initiator 
tRNA and the 4 OS and 60S ribosomal subunits are recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotic 
translation initiation factors Into an 80S ribosome at the start 
codon of the mRNA (Fig. 1). The 5' end of eukaryotic mRNA is 
capped, i.e., contains the cap structure m 7 GpppN (7-methyl- 
guarraine-triphosprK>-5'H7to Most translation in 

eukaryotes occurs in a cap-dependent fashion, /.a, the cap is 
specifically recognized by the elF4E ? which binds the 5' cap. 
The elF4F translation initiation complex is then formed by the 
assembly of e!F4E, the RNA heftcase eJF4A, and elF4G, a 
scaffolding protein that mediates the binding of the 40S ribo- 
somal subunit to the mRNA molecule through interaction with 
the elF3 protein present on the 40S ribosome. e!F4A and elF4B 
participate in melting the secondary structure of the 5" UTR of 
the mRNA The 43S initiation complex (40S/elF2/Met-tRNA/ 
G7P complex) scans the mRNA in a 5'-*3' direction until it 
encounters an AUG start codon. This start codon is then base- 
paired to the anticodort of initiator tRNA, forming the 48S initi- 
ation complex The initiation factors are then displaced from the 
48S complex, and the 60S ribosome joins to form the 80S 
ribosome. 

Unlike most eukaryotic translation, translation initiation of 
certain mRNAs, such as the picomavirus RNA, is cap inde- 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require elF4E. Either the 43S complex can bind 
the initiation codon directly through interaction with the IRES in 
the 5' UTR such as in the ericephalornyocarditis virus, or it can 
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Ftg. J. Translation initiation in eukaryotes. The 4E-BPs are hyperphos- 
phorytated to release e(F4E so that it can interact with the 5' cap, and the 
elF4F initiation complex is assembled. The interaction of poly(A) binding 
protein with the initiation complex and circutarization of the mRNA is not 
depicted in the diagram. The secondary structure of the 5' UTR is melted, 
the 40S ribosomal subunit is bound to elF3. and the ternary complex 
consisting of elF2, GTP, and the Met-tRNA are recruited to the mRNA. The 
rioosome scans the mRNA in a 5'->3' direction until an AUG start codon 
is found in the appropriate sequence context The initiation factors are 
released, and the large ribosomal subunit is recruited. 



initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case with the poRovirus (1). 

Regulation of Translation Initiation 
Translation initiation can be regulated by alterations in the 
expression or phosphorylation status of the various factors 
involved. Key components in translational regulation that 
may provide potential therapeutic targets follow. 

elF4E. elF4E plays a central role in translation regulation. 
It is the least abundant of the initiation factors and is con- 
sidered the rate-limiting component for initiation of cap- 
dependent translation. elF4E may also be involved in mRNA 
splicing, mRNA 3' processing, and mRNA nucleocytopfas- 
mic transport (2). elF4E expression can be increased at the 
transcriptional level in response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 



tationaf machinery and thus are inefficiently translated (4-7). 
As examples of this, overexpression of elF4E promotes in- 
creased translation of vascular endothelial growth factor, 
fibroblast growth factor-2, and cycfm D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
mitogen-activated protein kinase- interacting kinase 1, which 
is activated by the mitogen-activated pathway activating 
extracellular signal- related kinases and the stress-activated 
pathway acting through p38 rnitogen-activated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal ojowth factor, insulin, 
angiotensin II, src kinase overexpression, and ras over- 
expression, lead to elF4E phosphorylab*on (14). The phos- 
phorylation status of e!F4E is usually correlated with the 
translational rate and growth status of the cell; however, 
elF4E phosphorylation has also been observed In response 
to some cellular stresses when translational rates actually 
decrease (15). Thus, further study is needed to understand 
the effects of elF4E phosphorylation on elF4E activity. 

Another mechanism of regulation is the alteration of elF4E 
availability by the binding of elF4E to the elF4E-binding pro- 
teins (4E-BP, also known as PHAS-f). 4E-BPs compete with 
elF4G for a binding site in elF4E. The binding of elF4E to the 
best characterized elF4E-binding protein, 4E-BP1, is regu- 
lated by 4E-BP1 phosphorylation. Hypophosphorylated 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylation 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, insulin-like growth factors 
I and H, ihterleukin 3, granulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BP1 and 
to. decrease the ability of 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of nutrients or growth factors results- 
in 4E-BP1 dephosphorylation, an increase in elF4E binding, 
and a decrease in cap-dependent translation. 

p70 S6 Kinase. Phosphorylation of ribosomal 40S protein 
S6 by S6K is thought to play an important role in translational 
regulation. S6K -/- mouse embryonic celts proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive influence on cell proliferation (17). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
or^pyrimrdme tract (5' TOP) found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs coding for components of 
the translational machinery. Ptraphorytation of S6K is regu- 
lated in part based on the availability of nutrients (1 8, 1 9) and is 
stimulated by several growth factors, such as platelet-derived 
growth factor and irtsufin^ike growth factor I (20). 

elF2ct Phosphorylation. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation initia- 
tion factor elF2. Phosphorylation of the or-subunit of elF2 
prevents formation of the e)F2/GTP/Met-tRNA complex and 
inhibits global protein synthesis (21 , 22). elF2a is phospho- 
rylated under a variety of conditions, such as viral infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
elF2a is phospborytated by heme- regulated inhibitor, nutrient- 
regulated protein kinase, and the IFN-rrtduced. double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 
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The mTOR Signaling Pathway. The macrolide antibiotic 
rapamyctn (Siralimus; Wyeth-Ayerst Research, Collegevifle, 
PA) has been the subject of intensive study because it in- 
hibits signal transduction pathways involved in T-ceH activa- 
tion. The raparnycin-sensitive component of these pathways 
is mTOR (also called FRAP or RAFTl). mTOR is the mam- 
malian homologue of the yeast TOR proteins that regulate 
progression and translation in response to nutrient availabil- 
ity (24). mTOR is a serine-threonine kinase that modulates 
translation initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Fig. 2; Ret 25). 

4E-8P1 is phosphoryiated on multiple residues. mTOR phos- 
phorylates the Thr-37 and Thr-46 residues of 4E-BP1 in vitro 
(26); however, phosphorylation at these sites is not associated 
with a loss of e!F4E binding. Phosphorylation of Thr-37 and 
Thr-46 is required for subsequent phosphorylation at several 
COOH-terrninai, serum-sensitive sites; a combination of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4E-BP1 to eF4E (25). The product of the ATM gene, 
p38/MSKl pathway, and protein kinase Ckr also play a role in 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, in part, by PI3K and its 
downstream protein kinase Akt. PTEN is a phosphatase that 
negatively regulates P13K signaling. PTEN null cells have 
constitutively active of Akt, with increased S6K activity and 
S6 phosphorylation (30). S6K activity is inhibited both by 
PI3K inhibitors wortmannin and LY294002 and by mTOR 
inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in 
mTOR in vitro, and this site is phosphoryiated upon Akt 
activation in vivo (31-33). Thus, mTOR is regulated by the 
PI3K/AW pathway; however, this does not appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interestingly, mTOR autophosphorytetion is blocked by wort- 
mannin but not by rapamycin (34). This seeming inconsistency 
suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and S6K phos- 
phorylation by mTOR activity is by the inhibition of a phospha- 
tase. Treatment with cafyculin A, an inhibitor of phosphatases 1 
and 2A, reduces rapamycin-induced dephosphorylation of 4E- 
. BP1 and S6K by rapamycin (35). PP2A interacts with fulMength 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
in vitro; however, bow this process alters PP2A activity is not 
known. These results are consistent with the model that phos- 
. phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of the phosphatase by 
mTOR. 

Poryadenylation. The poly(A) tail in eukaryotic mRNA is 
important in enhancing translation initiation and mRNA sta- 
biGty. Polyadfenylation plays a key role in regulating gene 
expression during oogenesis and early embryogenesls. 
Some mRNA that are translationalfy inactive in the oocyte are 
poryadenylated concomitantly with translations! activation in 
oocyte maturation, whereas other mRNAs that are transla- 
tionally active during oogenesis are deadenyfated and trans- 
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(mRNAs with highly structured 5* UTRs) 

Ftg. 2. Regulation of translation initiation by signal transduction path- 
ways. Signaling via p38, extracellular signaJ-refated kinase, P13K, and 
mTOR can all activate translation initiation. 



lationalfy silenced (36-38). Thus, control of poly{A) tail syn- 
thesis is an important regulatory step in gene expression. 
The 5' cap and poty(A) tail are thought to function synergis- 
• ticafly to regulate mRNA translational efficiency (39, 40). 
RNA Packaging. Most RNA-binding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins is found in cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-associated protein, YB-1, destabilizes the interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpressiori of 
YB-1 results in translational repression in vivo (44). Thus, 
alterations in RNA packaging can also play an important role 
in translation^ regulation. 

Translation Alterations Encountered in Cancer 
Three main alterations at the translational level occur in cancer 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes in the expression or availability of 
ccimponents of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an indi- 
vidual mRNA that may play a role in carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase in the overall rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations in mRNA Sequence 

Variations in mRNA sequence affect the translational effi- 
ciency of the transcript. A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
in the 5' UTR, can alter its translational efficiency, as seen in 
the following examples. 



^ PACE 5M 1 » RC VD AT 5/?V2006 1 2:39:38 PM ( Pacific Paytiohl Time] ■ SVR:SVCS01/P ■ DfflS:6606 ' CSID:613 95? 9303 ■ DURATION (mro-ss):09.30.. 



MAY 25 2006 15:40 FR CI ICIST 



613 952 9303 TO ^03246606 



P. 06 



74 Translation Initiation in Cancer 



. i 



c-myc. Saito et al. proposed that translation of fun-length 
c-myc is repressed, whereas in several Burkitt lymphomas 
that have deletions of the mRNA 5' UTR, translation of c-myc 
is more efficient (45). More recently, it was reported that the 
5' UTR of c-myc contains an IRES, and thus c-myc transla- 
tion can be initiated by a cap-independent as well as a 
cap-dependent mechanism (46, 47). In patients with multiple 
myeloma, a C-*T mutation in the c-myc IRES was identified 
(48) and found to cause an enhanced initiation of translation 
via internal ribosomal entry (49). 

BRCA1* A somatic point mutation (117 G->C) in position 
-3 with respect to the start codon of the BRCA1 gene was 
identified in a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream luciferase reporter dem- 
onstrated a decrease in the translational efficiency with the 5' 
UTR mutation. 

CycTm-dependent Kinase Inhibitor 24. Some inherited 
melanoma kindreds have a G->T transversion at base -34 
of cyclin-dependent kinase inhibrtor-2A, which encodes a . 
cyclin-dependent kinase 4/cyclin-dependent kinase 6 kinase 
inhibitor important in G, checkpoint regulation (51). This 
mutation gives rise to a novel AUG translation initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
from the wild- type AUG. 

Alternate Splicing and Alternate Transcription Start 
Sites. Alterations in spScing and alternate transcription sites 
can lead to variations in 5' UTR sequence, length, and second- 
ary structure, ultimately impacting translational efficiency. 

ATM. The ATM gene has four noncoding exons in its 5' 
UTR that undergo extensive alternative splicing (52); The 
contents of 12 different 5' UTRs that show considerable 
diversity in length and sequence have been identified. These 
divergent 5' leader sequences play an important role in the 
translational regulation of the ATM gene. 

mdm. In a subset of tumors, overexpression of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA. Use of different promoters leads to two mdm2 tran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BRCA1. In a normal mammary gland, BRCA1 mRNA ts 
expressed with a shorter leader sequence (5'UTRa), whereas 
. in sporadic breast cancer tissue, BRCA 1 mRNA is expressed 
with a longer leader sequence (5' UTRb); the translational 
efficiency of transcripts containing 5' UTRb is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TGF-pX TGF-03 mRNA includes a 1.1-kb 5' UTR, which 
exerts an inhibitory effect on translation. Many human breast 
cancer cell lines contain a novel TGF-03 transcript with a 5' 
UTR that is 870 nucleotides shorter and has a 7-fold greater 
translational efficiency than.the normal TGF-p3 mRNA (55). 

Alternate Polyadenylotion Sites. Multiple polyadenyl- 
ation signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene (56), ATM gene 
(52), tissue inhibitor of metaltoproteinases-3 (57). RHQA 



proto-oncogene (58), and calmodulin^ (59). Although the 
effect of these alternate 3' UTRs on translation is not yet 
known, they may be important in RNA-protein interactions 
that affect translational recruitment. The role of these alter- 
ations in cancer development and progression is unknown. 



Alterations in the Components of the 
Translation Machinery 

Alterations in the components of translation machinery can 
take many forms. 

Overexpresssion of elF4E Overexpression of elF4E 
causes malignant transformation in rodent cells (60) and the 
deregulation of HeLa cell growth (61). Polunovsky et at. (62) 
found that elF4E overexpression substitutes for serum and 
Individual growth factors in preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survival signaling. . 

Elevated levels of elF4E mRNA have been found in a broad 
spectrum of transformed cell lines (63). elF4E levels are 
elevated in all ductal carcinoma in situ specimens and inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpression is attributable 
to gene amplification (66). 

There are accumulating data suggesting that elF4E overex- 
pression can be valuable as a prognostic marker. elF4E over- 
expression was found in a retrospective study to be a marker of 
poor prognosis in stages I to 111 breast carcinoma (67). Verifica- 
tion of the prognostic value of elF4E in breast cancer is now 
under way in a prospective trial (67). However, in a different 
study, elF4E expression was correlated with the aggressive 
behavior of ron-HodgkhVs lymphomas (68). In a prospective 
analysis of patients with head and neck cancer, elevated levels 
of elF4E in histologically tumor-free surgical margins predicted 
a significantly increased risk of local-regional recurrence (9). 
These results all suggest that* elF4E overexpression can be 
used to select patients who might benefit from more aggressive 
systemic therapy. Furthermore, the head and neck cancer data 
suggest that e!F4E overexpression is a field defect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. Alterations in a 
number of other initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to eIF4E, leads to 
malignant transformation in vitro (69). etF-2a is found in 
increased levels in bronchioloalyeolar carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunit of 
translation initiation factor 3 is amplified and overexpressed 
in breast and prostate cancer (72), and the elF3-p1 1 0 subunit 
is overexpressed in testicular seminoma (73). The role that 
overexpression of these initiation factors plays on the devel- 
opment and progression of cancer, if any, is not known. 

Overexpression of S6K. S6K is amplified and highly 
overexpressed in the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study by 
Bartund et al. (74), S6K was amplified in 53 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Overexpression of PAP. PAP catalyzes 3' pofy(A) syn- 
thesis. PAP is overexpressed in human cancer cells com- 
pared with normal and vi ratty transformed cells (75). PAP 
enzymatic activity in breast tumors has been correlated with 
PAP protein levels (76) and, in mammary tumor cytosols, was 
found to be an independent factor for predicting survival (76), 
little is known, however, about how PAP expression or ac- 
tivity affects the translational profile. 

Alterations in RNA-binding Proteins. Even less is known 
about alterations in RNA packaging in cancer. Increased ex- 
pression and nuclear locafaaiion of the RNA-binding protein 
YB-1 are indicators of a poor prognosis for breast cancer (77), 
non-small cell lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part at the level of 
transcription, because YB-1 increases chemoresistance by en- 
hancing the transcription of a multidrug resistance gene (80). 

Activation of Signal transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpression of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
important mutant in human cancers is the tumor suppressor 
gene PTEN, which leads to the activation of the Pt3K/Akt path- 
way. Activation of PI3K and Akt induces the oncogenic trans- 
formation of chicken embryo fibroblasts. The transformed ceils 
show constitutive phosphorylation of S6K and of 4E-BP1 (81). 
. A mutant Akt that retains kinase activity but does not phos- 
phorytate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of PI3K and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, insulin-like growth factor, HER2/neu, and epidermal 
growth factor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
of translation is Rkely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translational control. 
For example, HER2/neu mRNA is translationally controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a cell type- independent manner and 
by a distinct cell type-dependent mechanism that increases 
translational efficiency (82). HER2/neu translation is different 
in transformed and normal cells. Thus, it is possible that 
alterations at the translational tevel can. in part account for 
the discrepancy between HER2/neu gene amplification de- 
tected by fluorescence in situ hybridization and protein levels 
detected by immunohistochemical assays. 



Translation Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways involved in the activation of translation initiation repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamycin 
and Tumstatin 

Rapamycin inhibits the proliferation of lymphocytes. It was 
initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycin with FKBP 12 (FK506-binding 
protein, M t 12,000) bmds to mTOR to inhibit its function. 

Rapamycin causes a small but significant reduction in the 
initiation rate of protein synthesis (83). It blocks cell growth In 
part by blocking S6 phosphorylation and selectively sup- 
pressing the translation of 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycin also 
blocks 4E-BP1 pfK>sphorylation and inhibits cap-dependent 
but not cap-independent translation (17,. 86). 

The rapamycin-sensitjve signal transduction pathway, acti- 
vated during malignant transformation and cancer progression, 
is now being studied as a target for cancer therapy (87). Pros- 
tate, breast, small cell lung, glioblastoma, melanoma, and T-ceil 
leukemia are among the cancer lines most sensitive to the 
rapamycin analogue C0779 (Wyeth-Ayerst Research; Ret 
87). In rharxJomycosarcoma cell fines, rapamycin is either cyto- 
static or cytocidal, depending on the p53 status of the ceB; p53 
wild-type cells treated with rapamycin arrest in the G, phase 
and maintain their viability, whereas p53 mutant cells accumu- 
late in G, and undergo apoptosis (88, 89). In a recently reported 
study using human primitive neuroectodermal tumor and 
medulloblastoma models, rapamycin exhibited more cytotox- 
icity in combination with cisplatin and camptothecin than as a 
single agent In vwo, CCI-779 delayed growth of xenografts by 
1 60% after 1 week of therapy and 240% after 2 weeks. A single 
high-dose administration caused a 37% decrease in tumor 
volume. Growth inhibition in vivo was 1.3 times greater, with . 
cisplatin in combination with CCI-779 than with cisplatin atone 

(90) . Thus, preclinical studies suggest that rapamycin ana- 
logues are useful as single agents and in combination with 
chemotherapy. 

Rapamycin analogues CCI-779 and RAD001 (Novartis, 
Basel, Switzerland) are now in clinical trials. Because of the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues is immunosup- 
pression. However, although prolonged immunosuppression 
can result from rapamycin and CCI-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycin analogues resolve in —24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
matological toxicity, myelosuppression, infection, mucositis, 
diarrhea, reversible elevations in liver function tests, hyper : 
grycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and in stage Hl/IV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus, CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way into patient selection for 
mTOR inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 in PTEN-null tumors (30. 96). Another 
study found that- six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 sensitivity (97). This 
correlation suggests that activation of the PI3K-AW pathway, 
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regardless of whether it is attributable to a PTEN mutation or 
to overexpression of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-directed therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycin resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycin resistance (98). 

Another mode of activity for rapamycin and its analogues 
appears to be through inhibition of angiogenesis. This activ- 
ity may be both through direct inhibition of endothelial ceB 
proliferation as a result of mTOR inhibition in these cells or by 
inhibition of translation of such proangiogenic factors as 
vascular endothelial growth factor in tumor ceUs (99, 100). 

The angiogenesis inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to inhibit 
translation in endothelial ceils (101). Through a requisite in- 
teraction with integrin, tumstatin inhibits activation of the 
P13K/Akt pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-signaling pathway. 



ment also reduces the expression of angiogenic factors (115) 
and has been proposed as a potential ac^uvanttrierapy for head 
and neck cancers, parficufarty when elevated eiF4E is found in 
surgical margins. Small molecule inhibitors that bind the e!F4G/ 
4E-BP1 -binding domain of elF4E are proapoptotic (116} and 
are also being actively pursued 

Exploiting Selective Translation for Gene Therapy 
A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translation in cancer ceils is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTR These mRNA would thus be at a competitive 
disadvantage in normal ceUs and not translate well, whereas in 
cancer cells, they would translate more efficiently. For example, 
• the irrtrcductkm of the 5' UTR of fibroblast growth factor-2 5' to 
the coding sequence of herpes simplex vims type-1 thymidine 
kinase gene, allows for selective translation of herpes simplex 
virus type-1 thymidine kinase gene in breast cancer cell tines 
compared with normal mammary cell fines and results in se- 
lective sensitivity to ganciclovir (1 17). 



Targeting elF2ce EPA, Clotrimazole, mda-7, 
and Flavonoids 

EPA is an n-3 polyunsaturated fatty acid found in the fish- 
based diets of populations having a low incidence of cancer 
(102). EPA inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105). EPA releases Ca 2 * from 
intracellular stores while inhibiting their refilling, thereby ac- 
tivating PKR. PKR, in turn phosphorylates and inhibits e!F2a, 
resulting in the inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent in vitro and in wvo, inhibits cell growth through 
depletion of Ca 2 * stores, activation of PKR, and phospho- 
rylation of e!F2a (106). Consequently, clotrimazole preferen- 
tially decreases the expression of cyclins A, E, and D1, 
resulting in blockage of the cell cycle in G v 

mda-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) induces apoptosis in many cancer cells including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of elF2a and induction of apoptosis (110). 

Flavonoids such as genistein and quercetin suppress tu- 
. mor cell growth. All three mammaRan elF2o kinases, PKR, 
heme-regulated inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2a and inhibition of 
protein synthesis (1 1 1). 



Targeting elF4A and elF4E: Antisense RNA 
and Peptides 

Antisense expression of eJF4A decreases the proliferation rate 
of melanoma celts (1 1 2). Sequestration of elF4E by overexpres- 
sion of 4E-BP1 is proapoptotic and decreases tumorigenicity 
(113, 114). Reduction of elF4E with antisense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates of tumor doubling times" (7). Antisense elF4E RNA treat- 



Toward the Future 

Translation is a crucial process in every cell. However, several 
alterations in translations! control occur in cancer. Cancer ceUs 
appear to need an aberrantly activated translation^ state for 
survival, thus allowing the targeting of translation initiation with 
surprisingly low toxicity. Components of the translation^ ma- 
chinery, such as e!F4E, and signal transduction pathways in- 
volved in translation initiation, such mTOR, represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR inhibitors are most likely to achieve clinical utility in 
combination therapy. In the interim, our increasing understand- 
ing of translation initiation and signal transduction pathways 
promise to lead to the identification of new therapeutic targets 
in the near future. 
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Gain and loss of chromosomal material is characteristic 
of bladder cancer, as well as malignant transformation in 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of non-invasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 
two-dimensional gel electrophoresis. The results showed 
that there is a gene dosage effect that in some cases 
superimposes on other regulatory mechanisms. This ef-. 
feet depended (p < 0.015) oh the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2-fold gain 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels. Be- 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations in relatively few cases of well focused 
abundant proteins. With few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomics 1:37-45, 2002. 

Aneuploidy is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 
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phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer cell line 
BT474 has suggested that there is a correlation between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes in solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-B2, cyclin d1, 
ems1, and N-myc (3^5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 
plification (4), and a low level of c-myc copy number in- 
crease was observed without concomitant c-myc protein 
overexpression (6). 

In human bladder tumors, karyotyping, fluorescent in situ 
hybridization, and comparative genomic hybridization {CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-invasive pTa transitional cell carcinomas (TCCs), 
this includes loss of chromosome 9 or parts of it, as well as 
loss of Y in mates. In minimally invasive pT1 TCCs, the fol- 
lowing alterations have been reported: 2q-, 1tp-, 1q+, 
11q13+, 17q + , and 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this investigation we have combined genome-wide tech- 
nology for detecting genomic gains and losses (CGH) with, 
gene expression profiling techniques (microarrays and pro- 
teomics) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non-invasive and in- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 

Material— Bladder tumor biopsies were sampled after informed 
consent was obtained and after removal of tissue for routine-pathol- 
ogy examination. By light microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pTa (superficial papillary). 



1 The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; LOH, loss of heterozygosity; 
PA-FABP, psoriasis-associated fatty acid-binding protein; 2D, 
two-dimensional. 
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Rg. 1. DNA copy number and mRNA expression level. Shown from left to right are chromosome [Chr.), CGH profiles, gene location and 
expression level of specific genes, and overall expression level along the chromosome. A, expression of mRNA in invasive tumor 733 as 
compared with the non-invasive counterpart tumor 335. fl, expression of mRNA in invasive tumor 827 compared with the non-invasive 
counterpart lumor 532. The average fluorescent signal ratio between tumor DNA and normal DNA is shown along the length of the chromosome 
{left). The bold curve in the ratio profile represents a mean of four chromosomes and is surrounded by thin curves indicating one standard 
deviation. The central vertical line foroken) indicates a ratio value of 1 (no change), and the vertical lines next to it {dotted) indicate a ratio of 
0.5 {left) and 2.0 {right). In chromosomes where the non-invasive tumor 335 used for comparison showed alterations in DNA content, the ratio 
profile of that chromosome is shown to the right of the invasive tumor profile. The colored bars represents one gene each, identified by the 
running numbers above the oars (the name of the gene can be seen at www.MDL.DK/sdata.html). The bars indicate the purported location of 
the gene, and the colors indicate the expression level of the gene in the invasive tumor compared with the non-invasive counterpart; >2-foId 
increase {black), >2-told decrease (b/ue), no significant change {orange). The bar to the far right, entitled Expression shows the resulting change . 
in expression along the chromosome; the colors indicate that at least half of the genes were unregulated plack), at least half of the genes 
down-regulaled {blue), or more than half of the genes are unchanged (orange). II a gene was absent in one of the samples and present in 
another, it was regarded as more than a 2- fold change. A 2- fold level was chosen as this corresponded to one standard deviation in a double 
determination of ~ 1 800 genes. 'Centromeres and heterochromatic regions were excluded from data analysis. 



grade I and II, respectively, tumors 733 and 827 were staged as pTl 
(invasive into submucosa), 733 was staged as solid, and 827 was 
staged as papillary, both grade III. 

mRNA Preparation —Tissue biopsies, obtained fresh from surgery, 
were embedded immediately in a sodium-guanidinium thiocyanate 
solution and stored at -80 *C. Total RNA was isolated using the 
RNAzol B RNA isolation method (WAK-Chemie Medical GMBH). 
pory(A) + RNA was isolated by an oligo(oT) selection step (Oligotex 
mRNA kit; Oiagen). 

cRN A Preparation^ p.g of mRNA was used as starling material. 
The iirst and second strand cDNA synthesis was performed using the 
Superscript® choice system (Invitrogen) according to the manufac- 
turer's instructions but using an oligotdT) primer containing a T7 RNA 
polymerase binding site. Labeled cRNA was prepared using the ME- 
GAscrip® in vitro transcription kit (Ambion). Biot in -labeled CTP and 



UTP (Enzo) was used, together with unlabeled NTPs in the reaction. 
Following the in vitro transcription reaction, the unincorporated nu- 
cleotides were removed using RNeasy columns (Oiagen). 

Array Hybridization and Scanning— Array hybridization and scan- 
ning was modified from a previous method (13). 10 /xg of cRNA was 
fragmented at 94 *C for 35 min in buffer containing 40 mM Tris 
acetate, pH 8.1 , 100 mM KOAc, 30 mM MgOAc. Prior to hybridization, 
the fragmented cRNA in a 6x SSPE-T hybridization buffer (1 m NaCI, 
10 mM, Tris, pH 7.6, 0.005% Triton), was heated to 95 °C for 5 min, 
subsequently cooled to 40 "C, and loaded onto the Affymetrix probe 
array cartridge. The probe array was then incubated for 16 h at 40 °C 
at constant rotation (60 rpm). The probe array was exposed to 10 
washes in 6x SSPE-T at 25 X followed by 4 washes in 0.5 x SSPE-T 
at 50 °C. The biotinylated cRNA was stained with a streptavidin- 
phycoerythrin conjugate, 1 0 *ig/ml (Molecular Probes) in 6x SSPE-T 
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Fig. 1 — continued 



for 30 min at 25 °C loNowed by 10 washes in 6x SSPE-T at 25 °C. The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
microscope (made for Affymetrix by Hewlett-Packard). The readings 
from the quantitative scanning were analyzed by Affymetrix gene 
expression analysis software. ' 

Microsatellite Ar>a/ys/s-Microsatellite Analysis was performed as 
described previously (14). Microsatellites were selected by use of 
www.ncbi.nlm.nih.gov/genemap98, and primer sequences were ob- 
tained from the genome data base at www.gdb.org. DNA was extracted 
from tumor and blood and amplified by PCR in a volume of 20 fJ for 35 
cycles. The ampficons were denatured and electrophoresed for 3 h in an 
ABI Prism 377. Data were collected in the Gene. Scan program for 
fragment analysis. Loss of heterozygosity was defined as less than 33% 
of one allele detected in tumor amplicons compared with blood. 

Proteomic Analysis— TCCs were minced into small pieces and 
homogenized in a small glass homogenizer in 0.5 ml of lysis solution. 
Samples were stored at -20 °C until use. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (15, 16). Gels 
were stained with silver nitrate and/or Coomassie Brilliant Blue. Pro- 
teins were identified by a combination of procedures that included 
microsequencing, mass spectrometry, two-dimensional gel Western 
immunoblotting, and comparison with the master two-dimensional gel 
image of human keratinocyte proteins; see biobase.dk/cgi-bin/celis. 

CGH— Hybridization ol differentially labeled tumor and normal DNA 
to normal metaphase chromosomes was performed as described 
previously (10). Fluorescein- labeled tumor DNA (200 ng), Texas Red- 



labeled reference DNA (200 ng), and human Cot-1 DNA (20 ^g) were 
denatured at 37 °C for 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at 37 °C for 2 days. After washing, 
the slides were count erst ained with 0.15 ng/ml 4,6-diamidirto-2-phe- 
nylindole in an anti-fade solution. A second hybridization was per- 
formed for all tumor samples using fluorescein- labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirm the 
aberrations detected during the initial hybridization. Each CGH ex- 
periment also included a normal control hybridization using fluores- 
cein- and Texas Fted-tabeled normal DNA. Digital image analysis was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
greemred fluorescence intensity ratio profiles were calculated using 
four images of each chromosome (eight chromosomes total) with 
normalization of the greemred fluorescence intensity ratio lor the 
entire metaphase and background correction: Chromosome identifi- 
cation was performed based on 4,6-diamidino-2-phenylindole band- 
ing patterns. Only images showing uniform high .intensity fluores- 
cence with minimal background staining were analyzed. All 
centromeres, p arms of acrocentric chromosomes, and heterochro- 
matic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybridization— The CGH analysis 
identified a number of chromosomal gains and losses in the 
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Table I 

Correlation between alterations detected by CGH and by expression monitoring 
Top. CGH used as independent variable. (if CGH alteration - what expression ratio was found); bottom, altered expression used as 
independent variable (if expression alteration - what CGH deviation was found). __ ' ; 



CGH alterations 



Tumor 733 vs. 335 
Expression change clusters 



Concordance 



CGH alterations 



Tumor 827 vs. 532 
Expression change clusters 



Concordance 



13 Gain 



10 Loss 



10 Up-regulation 

0 Down-regulation 

3 No change 

1 Up-regulation 

5 Down- regulation 

4 No change 



77% 



50% 



10 Gain 



12 Loss 



8 Up-regulation 
0 Down-regulation 

2 No change 

3 Up-regulation 

2 Down regulation 
. 7 No change 



80% 



17% 



Expression change clusters 
16 Up-regulation 



21 Down-regulation 



Tumor 733 vs. 335 
CGH alterations 



Concordance Expression change clusters 



Tumor 827 vs. 532 
CGH alterations 



Concordance 



15 No change 



11 Gain 

2 Loss 

3 No change 
1 Gain 

8 Loss 

12. No change 
3 Gain 
3 Loss 

9 No change 



69% 



38% 



60% 



17 Up-regulation 



9 Down-regulation 



21 No change 



10 Gain 

5 Loss. 

2 No change 

0 Gain 

3 Loss 

6 No change 

1 Gain 
3 Loss 

17 No change 



59% 



33% 



81% 



two invasive tumors (stage pT1 , TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p-, 9q22-q33-, and X-, and 7+, 9q-, 
and Y-, respectively. Both invasive tumors showed changes 
(1q22-24 + , 2q14.1-qter-, 3q12-q13.3-, 6q12-q22-, 
9q34 + , 11q12-q13+, 17 + , and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as additional alterations, 
some of which- are shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4 -fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 in TCC 733 (Fig. 1/*) and 
20q12 in TCC 827 (Fig. 1B). 

mRNA Expression in Relation to DNA Copy Number -The 
mRNA levels from the two invasive tumors (TCCs 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a. signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
. vidua! chromosomes (Fig. 1 ). 

For each mRNA a ratio was calculated between the level in 
the invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as informative (Fig. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are not known at high resolution. 

Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Fig. 
1). In most cases, chromosomal gains detected by CGH were 
accompanied by an increased level of transcripts in both 
TCCs 733 (77%) and 827 (80%) (Table I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The inabil- 
ity to detect RNA expression changes in these cases was not. 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2-fold as the independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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Fig 2 Correlation between maximum CGH aberration and the ability to detect expression change by oligonucleotide array 
monitoring. The aberration is shown as a numerical -fold change in ratio between invasive tumors 827 (A) and 733 (♦ ) and their non-.nvas.ve 
counterparts 532 and 335. The expression change was taken from the Expression line to the right in Fig. 1, which depicts the result.ng 
expression change for a given chromosomal region. At least half of the mRNAs from a given region have to be e.ther up- or down- regulated 
to be scored as an expression change. All chromosomal arms in which the CGH ratio plus or minus one standard deyiatton was outs.de the 
ratio value of one were included. 



ation in expression. No alteration was detected by CGH in 
most of these areas (TCC 733, 60% and TCC 827, 81 %; see 
Table I, bottom). Because the ability to observe reduced or 
increased mRNA expression clustering to a certain chromo- 
somal area ciearfy reflected the extent of copy number 
changes, we plotted the maximum CGH aberrations in the 
regions showing CGH changes against the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2). For both tumors TCC 733 (p < 0.015) and 
TCC 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the array 
based technology (Fig. 2). Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
. much larger extent. 

Microsateilite-based Detection of Minor Areas of Loss- 
es- In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1, TCC 733 
chromosome 1q32, 2p21, and 7q21 and q32, 9q34, and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non- structural mechanisms regulating tran- 
scription, we examined two microsatellites positioned at chro- 
mosome 1q25~32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1/4). As indicated above, the mRNA decrease.observed in 
the middle of the chromosomal gain was because of LOH, 
implying that one of the mechanisms for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 11p showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellites (D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsin D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24, 11p11, 12p12.2, 12q21,1, and 16q24 
and in TCC 827 at chromosome 11p15.5, 12p11, 15q11.2. 
and 18q12 was also examined for chromosomal losses using 
microsatellites positioned as close as possible to the gene loci 
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Fk>. 3. Microsatellite analysts of loss of heterozygosity. Tumor 
733 showing loss of heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close to Hu class I histocompatibility antigen (gene 
number 38 in Fig. 1), (6) by D1S2735 close to cathepsin E (gene 
number 41 in Fig. 1), and (c) at chromosome 2p23 by D2S2251 close 
to general /3-spectrin (gene number 11 on Fig. 1) and of (d) tumor 827 
showing loss of heterozygosity at chromosome 18q12 by S18S1118 
close to mitochondrial 3-oxoacyl-coenzyme A thiolase (gene number 
12 in Fig. 1). The upper curves show the elect ropherograrh obtained 
from normal DNA from leukocytes (N), and the tower curves show the 
electropherogram from tumor DNA (T). In all cases one allele is 
partially lost in the tumor amplicon. 



showing reduced mRNA transcripts. Only the microsatellite 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes in the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels— 
2D-PAGE analysis, in combination with Coomassie Brilliant 
Blue and/or silver staining, was carried out on all four tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating in areas away from the edges of the pH 
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Fig. 4. Correlation between protein levels as judged by 20- 
PAGE and transcript ratio. For comparison proteins were divided in 
three groups, unaltered in level or up- or down-regulated horizontal 
axis). The mRNA ratio as determined by oligonucleotide arrays was 
plotted for each gene (vertical axis). A, mRNAs that were scored as 
present in both tumors used for the ratio calculation; A, mRNAs that 
were scored as absent in the invasive tumors (along horizontal axis) or 
as absent in non-invasive reference (fop of figure). Two different 
scalings were used to exclude scaling as a confounder, TCCs 827 
and 532 (A A) were scaled with background suppression, and TCCs 
733 and 335 {90) were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences in mRNA ratios 
between the groups. Proteins shown were as follows: Groups (from 
left), phosphoglucomutase 1 , glutathione transferase class ix number 
4, fatty acid-binding protein homologue, cytokeratin 15, and cyto- 
keratin 13; B (from left), fatty acid- binding protein homologue, 28-kpa 
heat shock protein, cytokeratin 1 3. and caicyclin; C (from left), or-eno- 
lase, hnRNP B1, 28-kDa heat shock protein, 14-3-3-e, and 
pre- mRNA splicing factor; D, mesothelial keratin K7 (type II); E (from 
top), glutathione S-translerase-ir and mesothelial keratin K7 (type II); 
F (from top and left), adenylyl cyclase-associated protein, E-cadherin, 
keratin 19, calgizzarin, phosphoglycerate mutase, annexin IV, cy- 
toskeletal 7-actin, hnRNP A1, integral membrane protein calnexin 
(IP90), hnRNP H, brain-type clathrin light chain-a r hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonucleoprotein A/B, 
Iranslationally controlled tumor protein, liver g)yceraldehyde-3-phos- 
phate dehydrogenase, keratin 8, aldehyde reductase, and Na.K- 
ATPase )3-1 subunit; 6, (from fop and left), TCP20, calgizzarin, 70- 
kDa heat shock protein, calnexin, hnRNP H, cytokeratin 15, ATP 
synlhase, keratin 19, triosephosphate isomerase, hnRNP F, liver gtyc- 
eraldehyde-3-phosphatase dehydrogenase, glutathione S-transfer- 
ase-n, and keratin 8; H (from left), plasma gelsolin, autoantigen cal- 
reticulin, thioredoxin, and NAD + -dependent 1 5 hydroxyprostaglandin 
dehydrogenase; / (from fop), prolyl 4-hydroxylase 0-subunit, cyto- 
keratin 20, cytokeratin 17, prohibition, and fructose 1,6-biphos- 
phalase; J annexin II; K, annexin IV; L (from top and left), 90-kDa heat 
shock protein, prolyl 4-hydroxylase /3-subunit, or-enolase, GRP 78, 
cyclophtlin, and cofilin. 

gradient, and having a known chromosomal location, were 
selected for analysis in the TCC pair 827/532. Proteins were 
identified by a combination of methods (see "Experimental 
Procedures"). In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations (Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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Fig. 5. Comparison of protein and transcript levels in invasive 
and non-invasive TCCs. The upper part of the figure shows a 2D gel 
(left) and the oligonucleotide anay {fight) of TCC 532. The red rectan- 
gles on the upper gel highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Clearly, cytokeratins 13 and 15 are, strongly down-reguJated in TCC 
827 (red annotation). The tile on the array containing probes for 
cytokeratin 15 is enlarged below the array (red arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares in each tile 
corresponds to perfect match probes; the lower row corresponds to 
mismatch probes containing a mutation {used for correction for un- 
specified binding). Absence of signal is depicted as black, and the 
higher the signal the lighter the color. A high transcript level was 
detected in TCC 532 (6151 units) whereas a much lower level was 
detected in TCC 827 (absence of signals). For cytokeratin 13, a high 
transcript level was also present in TCC 532 (15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gels at 
the bottom of the figure (left) show levels of PA-FABP and adipocyte- 
FABP in TCCs 335 and 733 (invasive), respectively. Both proteins are 
down- regulated in the invasive tumor. To the right we show the array 
tiles for the PA-FABP transcript. A medium transcript level was de- 
tected in the case of TCC 335 (1277 units) whereas very low levels 
were detected in TCC 733 (166 units). IEF, isoelectric focusing. 



keratins encoded by genes on chromosome 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes had a know chromosomal 
location were detected in TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig. 4). For example, PA-FABP was highly ex- 
pressed in the non-invasive TCC 335 but lost in the invasive 
counterpart (TCC 733;. see Fig. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

1 1 chromosomal regions where CGH showed aberrations 
that corresponded to the changes in transcript levels also 
showed corresponding changes in the protein level (Table II). 
These regions included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratins 17 and 20, annexins II and IV, and the fatty 
acid-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area in invasive bladder 
cancers. 

DISCUSSION ' 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression in two pairs of non-invasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number effect. In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fo!d change, 
thus being at the border of detection. In several cases, how- 



Table II 



Proteins whose expression level correlates with both mRNA and gene dose changes 


Protein 


Chromosomal location 


Tumor TCC 


CGH alteration 


Transcript alteration 0 


Protein alteration 


Annexin II 


1q21 


733 


Gain 


Abs to Pres° 


. Increase 


Annexin IV 


2p13 


733 


Gain 


3.9-Fold up 


Increase 


Cytokeratin 17 


17q12-q21 


827 


Gain 


3.8-Fold up 


Increase 


Cytokeratin 20 


17q21.1 


827 


Gain 


5.6-Fold up 


Increase 


(PA-)FABP 


8q21.2 


827 


Loss 


10-Fold down 


Decrease 


FBP1 


. 9q22 


827 


Gain 


2.3- Fold up 


Increase 


Plasma gelsolin 


9q31 


827 


Gain 


Abs to Pres 


Increase 


Heat shock protein 28 


15q12-q13 


827 


Loss 


. 2.5-Fold up 


Decrease 


Prohibitin 


17q21 


827/733 


Gain 


3.7-/2.5-Fold up to 


Increase 


Prolyl-4 -hydroxy! 


17q25 


827/733 


Gain 


5.7-/1 .6-Fold up 


Increase 


hnRNPBl 


7p15 


827 


Loss 


2. 5- Fold down 


Decrease 



8 Abs, absent; Pres, present. 

b In cases where the corresponding alterations were found in both TCCs 827 and 733 these are shown as 827/733. 
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ever, an increase or decrease in DNA copy number was 
associated with de novo occurrence or complete loss of tran- 
script, respectively. Some of these transcripts could not be 
detected in the non-invasive tumor but were present at rela- 
tively high levels in areas with DNA amplifications in the inva- 
sive tumors (e.g. in TCC 733 transcript from cellular ligand of 
annexin II gene (chromosome 1q21) from absent to 2670 
arbitrary units; in TCC 827 transcript from small proline : rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
iikelihood of gain of chromosomal material in this area. 

Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie in the loss of controlled 
methylation in tumor cells (17-19); Thus, it may be possible 
that in chromosomes with increased DNA copy numbers two 
or more alleles could be demethylated simultaneously leading 
to a higher transcription level, whereas in chromosomes with 
losses the remaining allele could be partly methylated, turning 
off the process (20, 21). A recent report has documented a 
ploidy regulation of gene expression in yeast, but in this case all 
the genes were present in the same ratio (22), a situation that is 
not analogous to that of cancer cells, which show marked 
chromosomal aberrations, as well as. gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors. In pTa tumors, these include 9p-, 9q-, 1q+, Y- 
(2, 6), and in pT1 tumors, 2q-,11p-, T1q- f 1q+, 5p+, 8q+, 
17q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y- , respectively. Likewise, the two minimal invasive 
pT1 tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern of losses and gains, such as 1q22-24 
amplification (seen in both tumors), 1 1q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and -1q+ and 9p-, often 
linked to 20q + and 11 q13+ {both tumors) (7-9). These ob- 
servations indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of general importance for 
bladder cancer. 

Considering that the mapping resolution of CGH is of about 
20 megabases it is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers. Analysis of these regions 
by positioning heterozygous microsatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 




arm and that the use of cDNA microarrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploidy and cannot predict whether 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an impact on the expression level in normal cells and is often 
reduced in tumors. However, the relation between imprinting 
and gain of chromosomal material is not known. 

We regard it as a strength of this investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very close and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and mRNA expression is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data that showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

In the few cases analyzed, mRNA and protein levels 
showed a striking correspondence although in some cases 
we found discrepancies that may be attributed to translational 
regulation, post-translational processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertranslated mRNA pools, which are associated with few 
translationally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very' important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D- PAGE (25), and a moderate correla- 
tion was recently reported by Ideker et al. (26) in yeast. 

Interestingly, our study revealed a much better correlation 
between gained chromosomal areas and increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript. One possible 
explanation could be that by losing one allele the change in 
mRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfold increase in gene copy number resulting in a much 
higher impact on transcript level. The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may in the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. • 
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In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a fre- 
. quently amplified area in chromosome 17q. Whether DNA 
copy number is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated is the large 
extent of protein modification that occurs after translation, 
requiring immunoidentification and/or mass spectrometry to 
correctly identify the proteins in the gels. 

In conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on microarrays with many thousand radiation 
hybrid-mapped genes will increase the resolution and informa- 
tion derived from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived from genes with 
known locations, and 2D gel analysis to obtain information at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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Genome-wide study of gene copy numbers, transcripts, and protein levels 
in pairs of non-invasive and invasive human transitional cell carcinomas. 

Orntoft TF, Thvkiaer T, Waldman FM . WolfH r^licJg 

Department of Clinical Biochemistry, Molecular Diagnostic Laboratory Aarhus 
Un.vers.ty Hospital, Skejby, DK-8200 Aarhus N, Denmark, orntoft@kba.sks.au.dk 

Gain and loss of chromosomal material is characteristic of bladder cancer as well as 
malignant transformation in general. The consequences of these changes at both the 
transcnption and translation levels is at present unknown partly because of technical 
hm.tat.ons. Here we have attempted to address this question in pairs of non-invasive and 
invasive human bladder rumors using a combination of technology that included 
comparatrve genomic hybridization, high density oligonucleotide array-based monitoring 
of transcript levels (5600 genes), and high resolution two-dimensional gel 
electrophoresis. The results showed that there is a gene dosage effect that in some cases 
superimposes on other regulatory mechanisms. This effect depended (p < 0 015) on the 
magnitude of the comparative genomic hybridization change. In general (18 of 23 cases) 
chromosomal areas with more than 2-fold gain of DNA showed a corresponding increase 

or S HT SCnPtS - ,0SS ° f DNA ' ° n the ° ther hand - showed eithefreduced 

or unaltered transcript evels. Because most proteins resolved by two-dimensional gels 

few ^Zf u 3 / y Tu ib ! C t0 mRNA Wd P f0tein derations in relatively 

few cases of well focused abundant proteins. Wi th few exceptions we found a good 
correlator , <p < 0.005) between transcript alterations and protein levels. The implications 
as well as hm.tations, of the approach are discussed. Potions, 
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Cadherins are a family of transmembrane proteins that play a crucial role in cell 
differentiation, cell migration, and intercellular adhesion. Cadherins are associated with 
catenins through their highly conserved cytoplasmic domain. Down-regulation of E- 
cadherin protein has been shown in various human cancers. This study examined the 
expression of cadherins and associated catenins at the mRNA level. Paired tumor and 
nonneoplastic primary prostate cultures were obtained from surgical specimens. 
Quantitative multiplex fluorescence reverse transcriptase-polymerase chain reaction . 
(QMF RT-PCR) and quantitative analysis were performed arid correlated with 
immunostain results. Six of seven cases of neoplastic cultures showed moderately-to- 
markedly decreased levels of E-cadherin and P-cadherin mRNA. Similar losses of alpha- 
catenin and beta-catenin mRNA were also observed. The resul ts of QMF RT-PCR 
showed good correlation with the results of immunohistochemical studies based on 
corresponding formalin-fixed sections. In conclusion, this paper presents a coordinated 
down-regulation in the expression of E-cadherin and associated catenins at the mRNA 
and protein level in most of the cases studied. This down-regulation may play an 
important role in the pathogenesis of prostate cancer. 
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Abstract Cadherins are a family of transmembrane 
proteins that play a crucial role in cell differentiation, 
cell migration, and intercellular adhesion. Cadherins are 
associated with catenins through their highly conserved 
cytoplasmic domain. Down-regulation of E-cadherin 
protein has been shown in various human cancers. This 
study examined the expression of cadherins and associ- 
ated catenins at the mRNA level. Paired tumor and non- 
neoplastic primary prostate cultures were obtained from 
surgical specimens. Quantitative multiplex fluorescence 
reverse transcriptase-polymerase chain reaction (QMF 
RT-PCR) and quantitative analysis were performed and 
correlated with immunostain results. Six of seven cases 
of neoplastic cultures showed moderately-to-markedly 
decreased levels of E-cadherin and P-cadherin mRNA. 
Similar losses of a-catenin and /^catenin mRNA were 
also observed. The results of QMF RT-PCR showed 
good correlation with the results of immunohistochem- 
icaJ studies based on corresponding formalin-fixed sec- 
tions. In conclusion, this paper presents a coordinated 
down-regulation in the expression of E-cadherin and 
associated catenins at the mRNA and protein level in 
most of the cases studied. This down-regulation may 
play an important role in the pathogenesis of prostate 
cancer. 

Key words Prostate adenocarcinoma - Cadherin - 
Catenin ■ Adhesion molecules 
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Introduction 

Prostate cancer is the most common malignant tumor 
and the second leading, cause of cancer death in men. 
The clinical course of patients with prostate cancer 
varies widely, and different factors contribute to this 
marked clinical variability, including genetic back- 
ground, Jiormona) environment, and the invasive 
potential of the tumor. Invasion and metastasis are the 
hallmarks of malignancy and have been closely linked to 
alterations in cell-to-cell adhesion, cell migration, and, 
interactions with extracellular matrix components [22J. 

Cadherins arc a family of transmembrane glycopro- 
teins responsible for maintaining the integrity of tissue 
and are involved in cell differentiation, cell migration, 
and intercellular adhesion through a calcium-dependent 
mechanism characterized by homotypic adhesion [35- 
37]. Their highly conserved cytoplasmic domains asso- 
ciate with catenins, a group of intracellular proteins that 
mediate contact between the cadherins and the micro- 
filaments of the cyloskeleton. Each cadherin subclass 
shows a unique tissue distribution: E-cadherin is pre- 
dominantly expressed in epithelial cells and P-cadherin is 
restricted to decidua tissue and the basal or lower layers 
of stratified epithelium (30]. 

The accumulating evidence suggests a decrease or loss 
of function in E-cadherin and P-cadherin in several 
human carcinomas [3, 9, 23, 32]. Loss of heterozygosity 
(LOH) at chromosome 16 in the location of the E-cad- 
herin gene is present in a high percentage of prostate 
cancers [6, 2 1 , 26, 28]. Decreased expression of E-cadherin 
is seen in various human malignant tumor cell lines, and 
the level of decrease correlates with the invasive potential 
of the tumor cell lines [1,9, 12, 24, 40, 42]. In addition, 
many, but not all, immunohistochemtcal studies using 
formalin-fixed, paraffin-embedded tissue have shown thai 
the E-cadherin protein is decreased in prostate Cancer and 
the decrease is correlated with tumor grade |4, 8, 13, 27, 
38). Other studies have shown decreased-to-absent 
P-cadherin levels, but variable E-cadherin levels [33]. 
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a- and 0-catenins bind the cytoplasmic domain of 
E-cadhcrin and link it to the cy toskcleton [16,31]. Down- 
regulation of expression and deletion of a-catenin genes 
were identi6ed in several human cancer cell lines [19, 24, 
4$. Immunobistochemical studies showed decreased 
ot-catenin staining, which correlated well with the loss of 
E-cadherin staining and patient survival [25, 29, 39]. In 
addition, decreased /kratenin protein expression appears 
to be associated ^vith malignant transformation of epi- 
thelial tissue [34]. These results suggest that cadherins 
and catenins may function as tumor invasion-suppressor 
genes. However, most of these results were obtained in 
studies using transformed tumor cell lines and formalin- 
fixed, paraffin-embedded tissue. To our knowledge, 
no studies to date have examined the co-expression of 
cadherins and catenins at the mRNA level using material 
derived from surgical specimens. 

Recently, we have developed the methodology lo 
cultivate primary epithelial cells under defined condi- 
tions from surgical prostatectomy specimens [20]. Areas 
of both carcinoma and noh-neoplastic tissue are identi- 
fied grossly, verified histologically, and then cultured 
separately, resulting in paired primary cultures of both 
non-neoplastic and neoplastic epithelium from the same 
patient. The non-neoplastic tissue cultures serve as an 
important control of any person-to-person variability in 
the expression of the genes of interest 

In this study, we investigated the co-expression 
of cadherin and catenin mRNA from multiple paired 
primary prostate cultures derived from surgical prosta- 
tectomy specimens using quantitative multiplex fluores- 
cence reverse transcriptase-polymerase chain reaction 
(QMF RT-PCR) [41, 44]. Immunohistochemistry stud- 
ies of cadherins and catenins were performed on the 
corresponding paraffin-embedded prostate tissue. 



Maieriab and methods 

Tissue specimen and primary prostate cultures 

We studied patients with adenocarcinoma of the prostate who 
underwent prostatectomy at the University of Pittsburgh Medical 
Center during the lime interval January 1996-January 1998- No 
patient had received treatment prior to surgery. Fresh prostatec- 
tomy specimens were sectioned and grossly examined, representa- 
tive samples of neoplastic and non- neoplastic tissue were collected, 
and the diagnoses were confirmed by examination of hematoxylin 
and eosin (H&E) -stained sections. Epithelial cells from tumor and 



non-neoplastic areas of the specimen were isolated and then cul- 
tured with a chemically defined medium (COM) without addition 
of growth factors as previously described. Tissue fragments were 
cut into small pieces and underwent a scries of collagenous diges- 
tions. Following each digestion, the cells were pelleted by ccntn- 
fugation at 1,000 rpra for 4 MIN (20J. To selectively promote 
epithelial cell growth, the pellets were resuspended and maintained 
in serum-free CDM supplemented with epithelial growth factor 
(EOF) PO). The culture's morphology was examined dairy, and 
epithelial cells were allowed to grow until confluence was reached, 
between days 7 and 10. 

Isolation of total RNA and synthesis of cDNA 

Total RNA was extracted from the cultured primary prostate 
epithelial cells at first passage according to the Trizol solution 
(Gibco BRL, Rockville, MD) modified method of Chomcrynski 
and Sacchi 17). The RNA was then quantitated spectrophotomet- 
rically. Two micrograms of total RNA were used for first strand 
cDNA synthesis using oligo-dT primers and MMLV reverse tran- 
scriptase (Gibco BRL, Rockville, MD). 

PCR primers and quantitative multiplex fluorescence PCR 

PCR primers for hepatocyte growth factor (HGF) and c-myc 
were synthesized as previously described [17). PCR primers for 
E-cadherin, P-cadherin, a-catenin, 0-catenin, and 0-actln cDNA 
were designed according to cDNA sequences provided by the 
Gene Bank (WWW2.ncbi.nlm.gov/genebank/query). The primers 
were selected to amplify 150-250 bp target genes and the PCR 
products from each target gene were designed to have a different 
size (Table 1). The reverse primers were synthesized with fluores- 
cein molecules covalently attached to the 5' end (BRL, Rockville, 
MD). Twenty-five microliters of PCR reactions for QMF-PCR 
contained primers (20 uM each), cDNA corresponding lo 50 ng of 
total RNA, dNTPs, and reaction buffer. The reactions were am- 
plified for 21 cycles at 94 °C for I min, 57 *C for 2 min, and 72 *C 
for 2 min. Five microliters of QMF-PCR reactions were mixed with 
an equal volume of sequencing gel loading buffer, denatured, and 
aliquols wereclecirophoresed on anABI 373A automated sequencer 
(Applied Biosystems, Foster Gty. CA) using a matrix specific for 
fluorescein (Fig. I A). 

Automated sequencer gels were run for 6 h at 30 W using 
Gcncscan software (ABI, Foster City, CA). Lane assignments and 
areas of the peaks corresponding to fluorescent peaks were assigned 
and quantitated by the Gcncscan software using Pholoroultipucr 
tube (PMT> voltages (Fig. IB). All experiments were done in 
triplicate and the results presented as means and standard devia- 
tions (SD). 

. Antibodies and immunohistochemistry 

Five-micron sections were obtained from formalin-fixed, paraffin- 
embedded tissue blocks. They were deparaffinized and Mratcd 
with graduated ethanols. Slides were then mkrowaved in 1.1 M 



Table I Summary of PCR 
primer sequences and PCR 
products 



Primer Sequence 



Target gene 



Size of PCR product (bp) 



8 

9 

.10 



Forward cccacactglgcccatclacg 
Reverse gcttctccltaatglcacgc 
Forward caaagtgggcacagatggtgig 
Reverse ctgcltggaltccagaaacgg 
Forward gcaagagccagctctgttlagc 
Reverse acitgagctgattcagtctctgg 
Forward gatggacaactatgagccagg 
Reverse tataccaggcgggaagcatcg 
Forward ttctggtgccactaccacagc 
Reverse tgcaigcccicatciaatgtc 



ft-Acl'm 
E-cadherin 
P-cadherin 
a- Catenin 
0- Catenin 



170 
190 
220 
182 
218 
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Fig. 1 A Genescan image of 
QM F RT-PCR or five paired 
n cm- neoplastic and neoplastic 
primary prostate cultures. 
cDNA corresponding to 50 ng 
of total RNA was subjected to 
21 cycles of PCR, and all 
reactions were done in tripli- 
cate. RNA of both E-cadherin 
and P-cadherin showed moder- 
ate-to-marked reduction in pri- 
mary neoplastic cultures in four 
of five cases (Cases 1, 2, 4, and 
5). B Representative automated 
sequencer traces (ABI 373A) 
from 21 cycles of QMF 
RT-PCR using cDNA from a 
paired norv neoplastic (top 
panel) and neoplastic {bottom 
panel) primary prostate cultures 
(Case 2), and copy number of 
PCR products (s-actin, 
E-cadherin, and P-cadhcrin) 
was calculated using peak areas. 
Neoplastic culture showed 
markedly decreased expression 
of both E-cadherin and 
P-cadberin 




betas Acrin 

(ITObp) 



E-cadherin 

(I90bp) 



P-cadherin 

(220bp) 



noo-ccoplastjc 




neoplastic 



J V 



citrate buffer (pH 6.0) for antigen retrieval. The avidin-biotin 
complex method for immunohistochcmistry was utilized from 
Vector Laboratories (Burlingame, Calif, USA). The E-cadherin, 
P-cadherin, ct-catenin, and ^-catenin antibodies, all mouse mono- 
clonal antibodies, were purchased from Transduction Laboratories 
(Lexington, Ky., USA). 

Evaluation of immunosiaining 

The percentage of positive cells, intensity of the staining, and cel- 
lular localization of the staining were examined by two independent 
observers using normal prostate epithelium from the same speci- 
men as an internal control. The intensity of the signal was graded 
as strong, moderate, weak, and negative. The staining pattern of 
the tumor was compared with that of normal epithelium from the 
same specimens. 



Results 

Expression of E-cadherin and P-cadherin 

Since many prostate cancers are known to be histolog- 
ically heterogeneous, adjacent H&E-stained sections 
of the tissue fragments sent to culture were reviewed 



to assess tissue homogeneity and to rule out the presence 
of other diseases. The paired primary cultures for this 
study were selected based on the following histologic 
features: (1) non-neoplastic tissue showed no cancerous 
foci or high-grade prostatic intraepithelial neoplasia 
(PIN); (2) neoplastic sections contained less than 5% 
non-cancerous epithelium. Seven out of 38 pairs of 
cultures met the selection criteria and were included in 
this study. Histologically, all seven cases were moder- 
ately differentiated adenocarcinomas, with Gleason 
scores ranging from 5 to 7 (median = 6). In six of these 
cases, adjacent sections of tumor contained no benign 
prostate epithelium, and in one case (specimen 4), there 
was less than 5% non-cancerous epithelium. Prostate 
stromal cells express HGF, whereas the epithelial cells 
express c-met, the receptor for HGF [17, 20). The cases 
included in this study showed no delectable HGF 
expression after 21 cycles of QMF RT-PCR (data not 
shown).. This indicates there was no significant stromal 
cell contamination in the current epithelial cultures. 

QMF-PCR is an accurate method of measuring the" 
relative levels of mRNA in small tissue samples [41]. In 
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this study, we used this method to quantitate the mRNA 
levels of E-cadherin and P-cadherin, relative to 0-actin. 
All the RNA samples contained no DNA contamina- 
tion, as shown by the absence of automated signals when 
RT was omitted from the RT-PCR reactions. We ob- 
served the expected linear increases in ^-actin, E-cadh- 
erin, and P-cadherin signal intensities between cycle 
numbers 18 and 24, with a cDNA input corresponding 
to 50 ng of total RNA. The ratios of 0-actin to 
E-cadherin and P-cadherin were constant, as was the 
E^cadherin/P-cadherin ratio. These results indicated that 
the target genes were consistently amplified in the reac- 
tions. Twenty-one cycles of PCR were chosen for all 
subsequent experiments. In addition, the raw sequencer 
quantitation of peak areas for 0-actin using the same 
cDNA input was similar among the paired primary 
prostate cultures (data not shown). 

When compared with the paired non neoplastic pri- 
mary cultures and normalized with the /f-actin internal 
controls, four of the neoplastic cultures showed marked 
( > 85%) reduction of E-cadherin mRNA levels, with 
one case showing no detectable E-cadherin mRNA. The 
other three neoplastic cultures showed mild-to-moderate 
reductions (Table 2). 

Six of seven neoplastic cultures showed moderately 
to markedly decreased P-cadherin mRNA levels when 
compared with non-neoplastic cultures. Interestingly, 



the four cases showing marked reduction in levels of 
E-cadherin mRNA, and also demonstrated significant 
losses of P-cadherin mRNA. The case with no delectable 
E-cadherin mRNA also demonstrated near total loss 
of P-cadherin mRNA (Case 1). Another case (Case 3), 
with only mjld reduction . in E-cadherin mRNA, showed 
no significant change in Prcadherin mRNA. Genetic 
variations among the patients were evident in the 
marked differences in the baseline levels of E-cadherin 
and P-cadherin expression seen in the rion-neoplaslic 
primary prostate cultures. 



Expression of a-catenin and /J-cateniri 

The highly . conserved intracytoplasmic domain of 
the cadherins interacts with a- and /Z-catenins, with the 
catenins serving as a link between the cadherins and the 
microfilaments of the cytoskeleton. Six cases of neo- 
plastic cultures showed mild-to-moderate reductions in 
a-catenin mRNA levels, ranging from 26 to 62%. These 
cases also demonstrated more severe reductions of 
/f-catenin mRNA levels and generally correlated with 
the changes of cadherins in the same specimen (Table 3). 
Interestingly, the case with no significant change of 
P-cadherin mRNA and only a mild loss of E-cadherin 
mRNA also showed no change in mRNA levels of both 



tectomy specimens 


Case 


E-cadherin* 




Percentage 
loss in tumor 6 


P-cadherin* ; 




Percentage 
loss in tumor b 




Non- neoplastic 


Tumor 


Non-neoplastic 


Tumor 


1 

2 
3 
4 
5 
6 
7 


71.0 ± 2.2 

27.4 ± 6.4 
18.0 ± 0.2 

93.5 ± 12.0 
41.5 ± 3.0 

56.7 ± 11 

53.8 ± 6.1 


ND C 

3.7 ± 0.3 
12.6 ± 1.9 
5.4 ± 0.9 
■ 24.4 ± 4.0 
8.1 ± 1-0 
22.2 ± 0.7 


100 
86 
30 
94 
41 
86 
59 


65.7 ± 2.0 

53.4 ± 6.5 

88.8 ± 6.5 
87.8 ± 7.0 

30.5 ± 1.4 
71.8 ± 2.9 
62.7 ± 3.5 


0.8 ± 0.1 
17.8 ± 13 

86.4 ± 9.5 

25.5 ± 2.5 
18,1 ± 2.4 
17.1 ± 2.2 
19.4 ± 22 


99 
67 
3 
71 
41 
76 
69 



• Level of E-cadherin and P-cadherin are normalized with jEJ-actin from the same sample: (E-cadherin or P^cadherin)/actin x 100 
b Percentage loss in tumor primary culture: «N - T)/N) x 100% 
e ND, not detectable 

TaWt 3 a-Catenin and ^catcnin expression in paired non- neoplastic and neoplastic primary prostate cultures derived from prosta- 
tectomy specimens . .' 



Case 



Non-neoplastic 



Tumor 



Percentage loss 
in tumor* 



0-catenin* 



Percentage 
loss in tumor b 



Non-neoplastic 



Tumor 



45.1 i 7.1 

49.2 ± 1.6 

48.0 ± 5.9 

61.1 ± 2.5 

58.2 ± 1-8 
46.7 ± 4.7 
43.2 ± 2.6 



17.3 i 0.5 
36.2 ± 4.0 
47.8 ± 9.0 
40.8 ± 2.6 
27.8 ± 1.6 
33.6 ± 4.7 

26.4 i 1.7 



62 
26 
< I 
33 
52 
28 
39 



19.7 
21.7 
40.1 
36.8 
29.8 
31.5 
22.3 



3.6 
1.5 
5.3 
1.8 
2.0 
4.2 
1.5 



ND C 
3.9 
38.9 
22.1 
15.2 
13.5 
11.6 



0.2 
6.2 
1.9 
II 
16 
1.4 



100 
82 
3 
40 
49 
57 
48 



1 Level of a-catenin and /^catenin arc normalized with /J-actin from the same sample: (catenin/acltn) x 100 
"Percentage loss in tumor primary culture: [(N - T)/N) x 100% 
c ND, not detectable 



312 



a- and /f-calenins. Moderate interspecimen variation was 
observed in the baseline expression of a-catenin and 
/?-catenin mRNA levels in the nbn-neoplastic cultures. 



Immunohistochemical studies of cadherins and catenins 

In benign prostate tissue, E-cadherin was, in all cases, 
uniformly localized to the membranes of luminal glanr 
dular epithelial cells, predominantly at cell-cell junctions 
(Fig. 3 A). One case of prostate cancer showed complete 
negative staining for E-cadherin (Fig. 3B), and the re- 
maining six cases demonstrated reduced immunostaining 
for E-cadherin, with 25-75% of cancer cells positive 
(Fig. 3Q. The cancerous glands generally showed re- 
duced signal intensity and an altered heterogeneous 
staining pattern, which included focal cytoplasmic stain- 
ing and reduced membranous staining (Fig. 3C, Table 4). 

Benign prostate tissue showed uniform basal cell 
imrnunoreactivity for P-cadherin, with principally cyto- 
plasmic and focal membranous pattern staining. The 



benign, glandular non-basal epithelial cells and stromal 
cells were negative for P-cadherin (Fig. 3D).. P-cadherin 
imrnunoreactivity was completely absent in two cases of 
prostate cancer (Fig. 3E), and the remaining five cases 
showed variable focal positivity, which was predomi- 
nantly cytoplasmic (Fig. 3F). This focal P-cadherin 
immunostaining positivity was confirmed by staining 
multiple sections and by using different monoclonal 
antibodies: In some cases, serial sections also appeared 
to show immunostaining for both E- and P-cadherins 
with the same neoplastic cells. 

In all cases of benign prostate tissue, a- and /f-catenin 
protein expression showed strong homogeneous staining 
of the luminal glandular epithelium and the basal cells. 
In a pattern similar to that of normal Ercadherin, the cr- 
and 0-catenins were localized predominately at luminal 
epithelial cell-cell borders (Fig. 2A, Q. In all cases of 
prostate cancer, there was a mild-to-moderate reduction 
in staining for both catenins with 50-75% of cells 
positive, and the staining tended to be heterogeneous 
(Fig. 2B, D; Table 4). 



Table 4 Immunohistochemical expression of cadherins and cate- 
nins in prostatectomy specimens corresponding to primary prostate 
culture 



Case 


E-cadherin 


P-cadherin 


a-catenin 


y?-catenin 








+ + 


+ + 


2 


+ + 


+. 


+ + 


+ + 


3 


+ + + 


+ + 


-f + + 


+ + + 


4 


+ 




+ + 


+ + + 


5 


-f + + 


+ 


+ + + - 


+ + + 


6 


+ + 


+ 


-f + + 


+ + + 


7 


+ + 


+ 


+ + 


+ + + 



Negative; + , < 25% positive; + + , 25-50% positive; 
50-75% positive; + + + + , >75% positive 



Discussion 

In this study, we observed a coordinated down- regula- 
tion of the expression in the genes involved in the 
cadherin and catenin mediated cell-cell pathway at Ihe 
mRNA level. The protein levels, as demonstrated by 
the immunohistochemical studies on the corresponding 
tissue sections, were generally consistent with the 
mRNA data as well as with that reported in the litera- 
ture [18, 33, 34, 38, 39]. 

E-cadherin showed the most consistent loss of ex- 
pression at both the mRNA level and the protein level. 



Fig. 2A-D Immunohistochemi- 
cal staining of a- and ^-catenin 
in non- neoplastic prostate and 
in prostate adenocarcinoma. 
Original magnification xl)5. 
A, C Normal membranous 
expression of a-catenin and 
/?-catenin in non- neoplastic 
prostatic epithelium (Case I). 
B Decreased immunostaining 
for a-catenin in prostate 
adenocarcinoma (Case I). 
D Decreased and heterogenous 
immunostaining for /f-caienin 
in prostate adenocarcinoma 
(Case I) 




Fit. 3 A ImmuDobistocbemicsI 
staining of E- and P-cadherin in 
nonneoplastic prostate and in 
prostate adenocarcinoma. 
Original magnification xl 15: 
A Normal membranous ex- 
pression of E-cadherin in non- 
neoplastic prostatic epithelium 
(Case I). B, C Complete 
negative (Case I) and focal 
heterogeneous (Case 3) iirirnti- 
nostaining for E-cadherin in 
prostate adenocarcinoma. 
D Normal continuous basal 
layer expression of P-cadherin 
in a portion of non-neoplastic 
prostatic epithelium (Case I); 
E, F Complete negative 
(Case I) and mild focal hetero- 
geneous (Case 3) immunostain- 
ing for P-cadherin in prostate 
adenocarcinoma 




LOH at chromosome )6q, where both E-cadherin and 
P-cadherin are located, occurs in up to 30% of prostate 
cancers. Four of our cases showed a greater than 50V* 
reduction in mRNA, ranging from 87 to 100%, sug- 
gesting thai mechanisms in addition to LOH may play a 
role in the reduction of E-cadherin mRNA levels below 
that of the 50% predicted by LOH alone. 

Previous studies have suggested that P-cadherin 
could serve as a specific marker for basal cell differen- 
tiation and was not expressed in prostate cancer, 
although a recent study has shown focal P-cadherin 
expression in some prostate tumors [18]. In this study, 
we demonstrated P-cadherin mRNA in six of seven 
neoplastic cultures, although it was significantly reduced 
in all six cases. It is impossible to rule out the possibility 
that some of the P-cadherin mRNA expression may 
have resulted from potential contamination by small 
numbers of non-neoplastic basal cells admixed with the 
. neoplastic cells within the culture material. However, we 
favor the interpretation that low levels of P-cadherins 
are expressed in cuj lured tumor cells, as well as weakly 
in some tumors in vivo owing to disruption of normal 
gene regulation. This interpretation is favored by the 
presence of focal immunostaining for P-cadherin protein 
in histologically neoplastic cells in five of seven cases. 
The histologic selection criteria (requiring minimal to no 
benign prostate glands) should also have minimized 
major contamination. Despite the presence of mRNA in 
primary tumor cultures and focal positive immuno- 



staining, P-cadherin immunostaining may still serve as a 
useful basal cell marker because the staining pattern was 
distinctly abnormal in the cases where it was focally 
present. 

In this study, the levels of a- and 0-catenin mRNA 
were also lower than norma) in six of seven cases, 
though the reductions were relatively less than those of 
cadherins, especially for the a-catenins. Catenin protein 
expression was generally moderate to weak by immu- 
nohistochemistry and showed a heterogeneous cyto- 
plasmic and weak membranous staining pattern. The 
immunopositivily was generally similar in most cases, 
with 25-75% cells showing positivity. The results of the 
immunohistochemical studies were generally consistent 
with the mRNA data; although not in all cases (e.g.. 
Case I), perhaps due to tumor heterogeneity. 

In this study, we also observed a coordinated down- 
regulation of E-cadherin and the calenins in most cases; 
this was most observable at the mRNA level. The cad- 
herins are tightly regulated during embryogenesis and 
appear to serve the need for precise spatio-temporal 
regulation. The promoter sequences of both E-cadherin 
and P-cadherin have been cloned and functionally ana- 
lyzed |2, 5, 10, 15], Both promoters have similar regu- 
latory elements, such as GC-rich regions and CCA AT 
boxes. Although the two promoters share similar se- 
quences,- in vitro binding studies suggest that the two 
promoters are regulated by different transcriptional 
factors [II]. The tissue specificity- of these promoters 
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appears to be derived by different combinations of a 
relatively few factors common to many types of tissues, 
and does not appear to be derived from transcription 
factors specific for each type of tissue. In our study, the 
degree of loss of expression of ct- and ^-catenins at the 
mRNA level was correlated with reductions in the levels 
of E-cadherin expression. Although the exact mecha- 
nism of this coordinated down-regulation is not known, 
the coordinated pattern supports the hypothesis that 
loss or alteration of some regulatory factors occurs 
during prostate tumor progression. Possible mechanisms 
include transcriptional factor alterations or hyper- 
melhylation of the promoter region JJ4, 43). Limited 
information is available on the transcriptional regula- 
tion of the catenins/ but it is possible that similar 
mechanisms may play a role. 

In summary, this is the first comparative study of the 
expression of the genes involved in the cadherin-medi 
ated cell-cell adhesion pathway at the mRNA level using 
paired neoplastic and non-neoplastic primary cultures 
derived from prostatectomy specimens. Our results 
indicate that (I) there is a marked patienMo-patient 
variation in the normal levels of the cadherins and 
catenins; (2) mRNA levels of E-cadherin as well as 
catenins are significantly reduced in some prostate can- 
cer primary cultures, and the reduction tends to be to the 
same degree in each tumor, suggesting a defect in a 
regulating mechanism common to all of these genes; (3) 
P-cadherin appears to be present at both the mRNA 
level and the protein level in some prostate cancers. This 
coordinated down-regulation of E-cadherin and catenin- 
mediated adhesion pathways may play a crucial role in 
tumor pathogenesis and metastasis. 
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Vascular endothelial growth factor expression correlates with matrix 
metalloproteinases MTI-MMP, MMP-2 and MMP-9 in human 
glioblastomas. 

Munaut C Noel A , Hougrand Ch Foidart JM , Boniver J . DeprezM . 

Laboratory of Tumour and Development Biology, University of Liege, Liege, Belgium. 

Vascular endothelial growth factor (VEGF) is the major endothelial mitogen in central 
nervous system neoplasms and it is expressed in 64-95% of glioblastomas (GBMs). 
Tumour cells are the main source of VEGF in GBMs whereas VEGF receptors (VEGFR- 
1, its soluble form sVEGFR-l, VEGFR-2 and neuropilin-1) are expressed predominantly 
by endothelial cells. Infiltrating tumour cells and newly-formed capillaries progress 
through the extracellular matrix by local proteolysis involving matrix metalloproteinases 
(MMPs). Recent studies have shown that VEGF expression and bioavailability can be 
modulated by MMPs. We reported previously that the expression of MTI-MMP in . 
human breast cancer cells was associated with an enhanced VEGF expression. We used 
quantitative RT-PCR, Western blot, gelatin zymography and immunohistochemistry to 
study the expression of VEGF, VEGFR-1, VEGFR-2, sVEGFR-l, neuropilin-1, MTI- 
MMP, MMP-2, MMP-9 and TIMP-2 in 20 human GBMs and 5 normal brains. The 
expression of these MMPs was markedly increased in most GBMs with excellent 
correlation between mRKA and protein levels; activated forms of MMP-2 and MMP-9 
were present in 8/18 and 7/18 of GBMs. A majority of GBMs (17/20) also expressed high 
levels of VEGF, as previously reported, with strong correlation between VEGF and MT1 - 
MMP gene expression levels, and double immunostaining showed that VEGF and MTI- 
MMP peptides co-locali2e in tumour and endothelial cells. Our results suggest that the * 
interplay between metalloproteinases and VEGF previously described in experimental 
tumours may also be operative in human GBMs. Because of its dual ability to activate 
MMP-2 and. to up-regulate VEGF, MTI-MMP might be of central importance in the 
growth of GBMs and represent an interesting target for anti-cancer treatments. Copyright 
2003 Wiley-Liss, Inc. 
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VASCULAR ENDOTHELIAL GROWTH FACTOR EXPRESSION CORRELATES 
WITH MATRIX METALLOPROTEINASES MTI-MMP, MMP-2 AND MMP-9 IN 
HUMAN GLIOBLASTOMAS 

Carine Munaut\ Agnes Noel\ Olivier Houcrand 2 , Jean-Michel Foidart\ Jacques Boniver 2 and Manuel Deprez 2 * 
^Laboratory of Tumour and Development Biology, University of Uege t Liege, Belgium 
-Laboratory of Neuropathology, University of liege, Liege, Belgium 



Vascular endothelial growth factor (VEGF) is the major 
endothelial mitogen in central nervous system neoplasms 
and it is expressed in 64-95% of glioblastomas (GBMs). Tu- 
mour cells are the main source of VEGF in GBMs whereas 
VEGF receptors (VEGF R- 1, its soluble form s VEGFR-I, 
VEGFR-2 and neuropilin-l) are expressed predominancy by 
endothelial cells. Infiltrating tumour cells and newly-formed 
capillaries progress through the extracellular matrix by local 
proteolysis involving matrix metalloproteinases (MMPs). Re- 
cent studies have shown that VEGF expression and bioavail- 
ability can be modulated by MMPs. We reported previously 
that the expression of MTI-MMP in human breast cancer 
cells was associated with an enhanced VEGF expression* We 
used quantitative RT-PCR, Western blot, gelatin zymogra- 
phy and im munohistochemist ry to study the expression of 
VEGF, VEGFR-I, VEGFR-2, sVEGFR-l, neuropilin-I, MTI- 
MMP, MMP-2, MMP-9 and TIMP-2 in 20 human GBMs and 5 
normal brains. The expression of these MMPs was markedly 
increased in most GBMs with excellent correlation between 
mRNA and protein levels; activated forms of MMP-2 and 
MMP-9 were present in 8/ 1 8 and 7/ 1 8 of GBMs. A majority of 
GBMs (17/20) also expressed high levels of VEGF, as previ- 
ously reported, with strong correlation between VEGF and 
MTI-MMP gene expression levels, and double immunostam- 
ing showed that VEGF and MTI-MMP peptides co-localize in 
tumour and endothelial cells. Our results suggest that the 
interplay between metalloproteinases and VEGF previously 
described in experimental tumours may also be operative in 
human GBMs. Because of its dual ability to activate MMP-2 
and to up-regulate VEGF, MTI-MMP might be of central 
importance in the growth of GBMs and represent an inter- 
esting target for anti-cancer treatments. 
© 2003 Wiley-Uss, Inc. 
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Angipgenesis is critical for the development of normal tissue 
and solid tumours. This process includes the degradation of the 
extracellular matrix (ECM) and the proliferation, migration and 
differentiation of endothelial cells, and is finely regulated by 
inhibitory and promoting factors. 1 - 2 Among positive factors, vas- 
cular, endothelial growth factor (VEGF) has been proposed as the 
major endothelial mitogen in central nervous system (CNS) neo- 
plasms. 3 Strong VEGF expression has been delected by iromuno- 
histochemisiry in 64-95% of glioblastomas (GBMs). 4 - 6 GBMs 
are the most common malignant primitive tumours of the CNS in 
adults. 7 Microvascular proliferation is characteristic of these tu- 
mours and is an essential WHO diagnostic criteria. 7 Tumour cells 
are the main source of VEGF in GBMs whereas VEGF receptors 
are predominantly expressed by endothelial cells. 8 - 9 These recep- 
tOTS differ both in terms of affinity and transduction sipnalin« ,0 -' 2 
VEGFR-I (fit-)) and VEGFR-2 (flk/KDR) belong to^he Class 11 
tyrosine-kinase receptor family. VEGFR-I has a soluble isoform 
(sVEGFR-I) that modulates VEGF availability.*-'* Neuropilin-l . 
(NRP1) is a co-receptor for VEGF that increases by 10-fold the 
affinity of the VEGF rw isoform for VEGFR-2. M NRP! is thought 
to modulate VEGF-mediated rumour angiogenesis in human ma- 
lignant astrocytomas. 10 The coordinated up-regulation of VEGF 
and its receptors appears as a critical event in the conuol of 
angiogenesis. 8,2 



Infiltrating rumour cells and newly-formed capillaries progress 
through the ECM by local proteolysis involving matrix metallo- 
proteinases (MMPs).' 5 - 16 MMPs are proteolytic enzymes that are 
synthesized as inactive zymogens. Their activation requires the 
removal of a propeptide by proteinase cleavage and can be inhib- 
ited by various tissue inhibitors of MMPs flTMPs). Most MMPs 
are secreted as soluble enzymes but a subset of them are inserted 
in the cell membrane by a transmembrane domain or by . a glyco- 
syiphosphatatidyl-inositol anchor and are classified as membrane- 
type MMPs (MT-MMPs).".' 1 * In cultured rumour cells, MT- 
MMPs tend to accumulate on , the cytoplasmic . membrane of 
invadopodia where they selectively mediate local peri-cellular 
proteolysis. GBMs express high levels of MTI-MMP, MMP-2 and 
MMP-9. 19 - 20 Among these MMPs, MTI-MMP might play a cen- 
tral role in the remodeling of the ECM as this membrane-bound 
protease is able to activate MMP-2 and MMP-13. 21 - 22 Moreover, 
MTI-MMP has been shown to promote cell migration in various 
carcinoma cell lines by its ability to cleave laminin-5, a major 
constituent of basement membrane, 23 - 24 and through the process- 
ing of CD44H (the major receptor for hyaluronan) 23 and of a v 0 3 
integrin. 26 

MTI-MMP is involved in both developmental and tumour an- 
giogenesis. 27 MTI-MMP overexpression in human melanoma 
cells has been associated with enhanced in vitro invasion and 
increased in vivo tumour growth and vascularization. 28 We have 
shown previously that in MCF-7 breast cancer cells, VEGF tran- 
scription is upregulated when MTI-MMP is overexpressed 29 Up- 
regulation of VEGF by MTI-MMP has also been reported in a 
model of human glioma xenograft by Deryugina el al?° These 
experimental data suggest a link between MTI-MMP and the 
VEGF network. We have tested for the presence of such a link in 
human glioblastomas. We compared the expression of VEGF and 
its receptors (VEGFR-1, sVEGFR-l, VEGFR-2, NRP1) with 
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MT1 -MMP, MMP-2, MMP-9 and TTMP-2 in a series of 20 GBMs 
and 5 normal brains. Using quantitative RT-PCR,. gelatin zymog- 
raphy r Western blot and inununohistochemistry„ we showed a 
strong correlation between the expression of VEGF, MT1-MMP, 
MMP-2 and MMP-9 in GBMs. These results are in accordance 
with previous in vitro studies and add to the evidence of an 
interplay between VEGF and MMPs in the progression of human 
GBMs. 



MATERIAL AND METHODS 

Patients 

We studied 20 GBMs diagnosed at the Laboratory of Neuropa- 
thoJogy-CHU Liege between 1997 and 2001. The series included 
17 primary GBMs (ie., no previous history of lower grade diffuse 
astrocytoma) and 3 secondary GBMs {i.e., previous history of 
lower grade diffuse astrocytoma). Clinical information on these 20 
cases have been reported previously as part of a larger series. 31 The 
gender ratio was 1/1, and the age at time of diagnosis ranged from 
41-79 years (mean 56 years). Normal brain cortex and white 
matter, were obtained from 5 patients with intractable epilepsy 
treated by partial temporal lobectomy. Histological examination of 
these specimens showed severe hippocampal sclerosis; frozen tis- 
sue was sampled from microscopically normal inferior temporal 
gyri. Our study was approved by the Ethical Committee of the 
Faculty of Medicine of the University of Liege. 



RNA extraction and cDNA synthesis 

Total RNA was extracted from cryosections with RNeasy Mini 
Kit (Q1AGEN GmbH, Hilden, Germany) according to the manu- 
facturer's protocol. Total RNA (1 fig) was reverse transcribed with 
a ThermoScript reverse transcriptase (ThermoScript RT-PCR Sys- 
tem, Invitrogen, Carlsbad, CA) and random hexamers as primers. 

Primers 

Primers pairs used in our study are described in Table L Primers 
for the VEGF gene were chosen to distinguish between YEGF J89 , 
VEGF I<5 , VEGF I45 and VEGF, 21 mRNA isoforras. Intron-span- 
ning primers and probes for the TaqMan system (primers for 
VEGFR-1 (Flt-lXsVEGFR-1, VEGFR-2 (KDR/Flk-1) and NRP1) 
were designed to meet specific criteria by using Primer Express 
software (Perkin Elmer, Foster City, CA). All primers were syn- 
thesized by Eurogentec (Liege, Belgium). The 5'- and 3'-end 
nucleotides of the probe were labeled with a reporter (FAM = 
6-carboxy-fluorescein) and a quencher dye (TAMRA — 6-car- 
boxy-tetramethylrhodamine). We conducted BLASTn (National 
Center for Biotechnology Information, Bethesda) searches against 
dbEST and the non redundant set of GenBank, EMBL, and DDBJ 
database sequences to confirm the total gene specificity of the 
nucleotide sequences chosen for the primers. The specificity of the 
amplified PCR products was confirmed either by restriction digest 
or by sequencing. The 1 8S ribosomal RNA was measured using 
the Pre-Developed TaqMan Assay Reagents Endogenous control 
kit from Applied Biosystems (Foster City, CA). 





TABLE 


1 - SEQUENCE OF PRIMERS AND TaqMan PROBES USED FOR RT-PCR STUDIES 






Gene and accession 
number 


Po&itioo 


Sequence 


Size 


Cycles 


MMP-2 FP 
MMP-2-RP 
NMJXW530 . 


1740F 
1964R 


5'-AGATCTTCTTCTTCAAGGACCGGTT-3' 
5VGGCTCGTCAGTGGCTTGCGGTA-3' 


225 bp 


33 


MMP-9-FP 
MMP-9-RP 
J05070 


1592F 
1800R 


5 ' -GCGG A G ATTGGG A A CC AGCTGTA-3 ' 
5'-GACGCGCCTGTGTACACCCACA-3' 


208 bp 


37 


MMP-J4-FP 
MMP-14-RP 
NMJXM995 


1288F 
1508R 


5'-GGATACCCAATGCCCATTGGCCA-3' 
5'-CCATTGGGCATCCAGAAGAGAGC-3' 


221 bp 


32 . 


T1MPI FP 
T1MP1-RP 
M12670 


78F 
245R 


5 ' - CATCCTGTTGTTGCTGTGGCTG AT-3 ' 
5'-GTCATCTTGATCTCATAACGCTCG-3' 


168 bp 


33 


T1MP-2-FP 

T1MP-2-RP 

NM 003255 

VEGF-FP 

VEGF-RP 

AH001553 


78F 
245R 

1208F 
1687R 


5 ' - CTCGCTGG A CGTTGG AGGAA A G A A- 3 ' 
5'-AGCCCATCTGGTACCTGTGGTTCA-3 f 

5 f -CCTGGTGG ACATCTTCCAGGAGTA-3' 
5^CTCACCGCCTCGGaTOTCACA-3' 


155 bp 

479 bp 
407 bp 
347 bp 
275 bp 


30 
33 


28S rRNA-RP 
28S rRNA-RP 
U13369 


I2403F 
J2614R 


5'-GTTCACCCACTAATAGGGAACGTGA-3' 
5 ' -G ATTCTG ACTTAG A GGCGTTCAGT-3 ' 


212 bp 


19 


VEGFRI FP 
VEGFRI -RP 
VEGFRI Probe 
AF063657 


2438F 
2516R 
2469 


5' -TCCCTT ATG ATGCC A GC A A GT- 3 ' 

5'-CCAAAAGCCCCTCTTCCAA-3' 

5'-CCGGGAGAGACTTAAACTGGGCAAATCA-3' 


79 bp 


40 


sVEGFRI-FP 
sVEGFRi-RP 
sVEGFRi Probe 
U0I134 


2209F 
2388R 
2257 


5'-ACAATCAGAGGTGAGCACTGCAA-3' 

5'-TCCGAGCCTGAAAGTTAGCAA-3' 

5'-TCCAAATTTAAAAGCACAAGGAATGATTGTACCAC-3' 


180 bp 


40 


VEGFR2FP 
VEGFR2-RP 
VEGFR2 Probe 
AF063658 . 


79J F 
946R 
820 


5 / -CTTCGAAGCATCAGCATAAGAAACT-3 f 

5' -TGGTCATC A GCCC ACTGG AT-3 ' 

5^AACCGAGACCTAAAAACCCAGTCTGGGAGT-3' 


156 bp 


40 


NRP1-FP 
NRP1-RP 
NRP1 Probe 
XM 034725 


I831F 
1942R 
1883 


5' - C AC AGTGG A AC A GGTG ATG ACTTC-3 ' 
5 ' - A A CC AT ATGTTGG A A A CTCTGATTGT-3 ' 
5 ' - CC A C A G A A A AGCCC A CGGTC ATAG ACA-3 ' 


112 bp 


40 . 
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Figure 1 - VEGF and VEGF receptors mRNA quantification: scat- 
ter of the distribution. Normal brain (black spots) and GBMs (white 
spots) mRNA levels are expressed as normalized values (as described 
in Material and Methods: A.U. = arbitrary units). Each point repre- 
sents the mean of 3 separate experiments. 



End point quantitative PCRfor MT1-MMP, MMP-2 t MMP-9 
TJMP-2 mRNA ami. VEGF mRNA isoforms 

MT1-MMP, MMP-2, MMP-9, TIMP-2 and VEGF mRNA iso- 
forms (VEGF I89 , VEGF )65 , VEGF HS and VEGF m ) were mea- 
sured in 10 ng aliquots of cDNA using Taq polymerase (Takara, 
Shiga, Japan) and 5 pmol of each primers (Table 1). The thermal 
cycling conditions included 2 min at 95°C for denaturation and 
then amplification 15 sec at 94°C, 20 sec at 66°C and 20 sec at 
72°C (30 sec for VEGF isoforms) with a final incubation 2 min at 
72°C PCR products were resolved on 2% Nusieve 3:1 agarose 
gels (BioWhittaker, Rockland, MD) and analyzed using a Fluor-S 
MultiJmager (Bio-Rad, Hercules, CA) after ethidium bromide 
staining. Specific mRNA levels were expressed as the ratio of 
specific transcripts/28S transcripts. Experiments were repealed at 
least 3 times in duplicate. 

Realtime quantitative PCR for VEGFR-), sVEGFRI, VEGFR-2 
and NRP] mRNA 

Real-time quantitative RT-PCR analyses for VEGFR-1, 
sVEGFR-1, VEGFR-2, NRP1 mRNAs and 18S rRNA were car- 
ried out using the ABJ PRISM 7700 Sequence Detection System 
instrument and software (PE Applied Biosystems). The sequences 
of the PCR primer pairs and fluorogenic probes thai were used for 
each gene are shown in Table I. A standard curve was generated by 
5-fold serial dilution of placenta cDNA to cover the range of 
50,000- 80 ng and was run in duplicate during every experiment. 
For each experimental sample, the amount of target gene was 
determined from this standard curve. The relative expression level, 
of the target gene was normalized against I8S rRNA to compen- 



sate for variation in the quality of RNA and the amount of input 
cDNA (as described by the manufacturer PE Applied Biosystems 
in User Bulletin 2). PCR was carried out with the TaqMan Uni- 
versal PCR Master Mix (Applied Biosystems) using 5 u.1 of diluted 
cDNA (equivalent to 10 ng total RNA), 200 nM of the probe, and 
400 nM primers in a 25 pJ final reaction mixture. After a 2 min 
incubation at 50°C to allow for UNG cleavage, AmpliTaq Gold 
was activated by an incubation for 10 min at 95°C Each of the 40 
PCR cycles consisted, of 15 sec of denaturation at 95°C and 
hybridization of probe and primers for 1 min at 60°C. 

To confirm amplification specificity, the PCR products were 
also examined by subsequent 2% agarose gel electrophoresis. 
Experiments were repeated at least 3 times in duplicate, 

Jmmunohistochemistryfor VEGF and MT J -MM P 

Sections (4 pjn thick) were cut from form alin- fixed, paraffin 
embedded tumour tissue. They were ;hydrated through graded 
alcohols and incubated in H 2 0 2 (03% 15 min). Sections were 
autoclaved for 11 min at 126°C in citrate buffer pH6 for antigen 
retrieval (Dako, Glostrup, Denmark). For double immunostaining 
sections were incubated in primary monoclonal Ab anti-MTl- 
MMP (Ab-4) 1:100 (Oncogene Research Products, San Diego, 
CA) followed by perbxidase-conjugated EnVision (Dako). Immu- 
noreactivity was visualized with 3,3 'di ami nobenzi dine (DAB +, 
Dako). Sections were then incubated with polyclonal Ab anri- 
VEGF 1:150 (Santa Cruz, Santa Cruz, CA) for 1 hr at room 
temperature, followed by alkaline phosphatase-conju gated En- 
vision (Dako). Immunoreactiviry for VEGF was visualized with 
Fast Red chromogenic substrate (Dako). Single immunostaining 
was also carried out on serial sections using each primary antibody 
alone with the corresponding enzyme-chromogene combination. 
Negative controls were obtained by omitting the primary antibod- 
ies. 

Gelatin zymography assay 

MMP-2 and MMP-9 activities were quantified by gelatin zy- 
mography on 2 normal brains and 18 GBMs. Ten cryosections (10 
\jM) were homogenized in buffer (0.1 M Tris-HCl pH 8.1, 0.4% 
Triton X-100) and centrifuged for 20 min at 5,000^. The pellets 
were discarded. 25 u,g of total protein from homogenate superna- 
tants were mixed with non reducing sample buffer (62.5 mM 
Tris-HCl, pH 6.8; 2% SDS; 10% glycerol; 0.1% bromophenol 
blue) and electrophoresed directly on 10% SDS-polyacrylamide 
gels (SDS-PAGE) containing 0.1% gelatin (w/v). 32 After electro- 
phoresis, gels were washed for 1 hr at room temperature in a 2% 
(v/v) Triton X-100 solution to remove SDS, transferred to a buffer 
(50 mM Tris-HG, pH 7.6, containing 10 mM CaCl 2 ) and incu- 
bated for 18 hr at 37°C. Gels were stained for 30*min with 0.1% 
(w/v) Coomassie brilliant blue G250 in 45% (v/v) methanol/10% 
(v/v) acetic acid and destained in 10% (v/v) acetic acid/20% (v/v) 
methanol. Gels were analyzed with Quantity One software (ver- 
sion 4.2.2, Bio-Rad Laboratories, Hercules, CA) after densitomet- 
ry scanning of the gels using a Fluor-S Multimager (BioRad). 

Western blot 

MT1 -MMP protein levels were analyzed in 2 normal brains and 
15 GBMs. Brain extracts (25 u,g) were mixed with 1/2 sample 
buffer [0.25 M Tris (pH6.8), 10% SDS (w/v), 4% sucrose (v/v), 
5% P-mercaptoethano) (v/v) and 0.125% bromophenol blue (w/v)] 
and boiled for 5 min. They were separated on 10% SDS-PAGE 
gels and transferred to a PVDF filter (NEN, Boston, MA). After 
blocking with 5% milk (w/v), 0.1% tween 20 (w/v) in PBS for 2 
hr at room temperature, membranes were exposed to the primary 
antibody (10 u.g/ml, clone I13-5B7, Ab-4, Oncogene Research 
Products, San Diego, CA) at 4°C overnight followed by incubation 
with a horseradish peroxidase-conjugated rabbit anli-mouse anti- 
body (1.3 u.g/ml, Dako, Glostrup, Denmark). Signals were de- 
tected with an enhanced chemoluminescence (ECL) kit (NEN, 
Boston, MA). The relative intensities of the immunoreactive bands 
were analyzed with Quantity One software (version 4.2.2, Bio-Rad 
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Figure 2- MMPs and TIMP-2 mRNA quantifica- 
tion, (a) Representative 2% agarose gels of RT-PCR 
products for MT1-MMP, MMP-2, TIMP-2 and 
MMP-9 in 2 normal brains (NB) and 10 GBMs. (b) 
Scatter plots (as described in Fig. I). Experiment was 
repeated at least 3 times in duplicate. 
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Laboratories) after densitometric scanning of the X-ray films using 
a Fluor-S Multimager (Bio-Rad). 

Statistics 

VEGF, VEGFRs, MMPs and TIMP-2 expression values in 
GBMs were correlated using Spearman's test. Correlation was 
considered significant for 2-tailed p- value < 0.05. Statistical anal- 
ysis was carried out using the Prism 3.0 software (GraphPad, San 
Diego, CA). 



RESULTS 

Expression of VEGF and VEGF receptors 

VEGF mRNA was present in normal brains (295-375, arbitrary 
units; mean = 322) and in all GBM samples (217-5,1 12; mean = 
1,774) as reported previously (Fig. I). 3 ' In most GBMs, VEGF 
mRNA levels were raised 2-15-fold above normal brain values. 
The most abundant isoform in all cases was VEGF I6V followed by 
VEGF 1?|r VEGF, 89 and VEGF 145 (data not shown). VEGFR-1 
expression was found at similar levels in GBMs (89-357; mean = 
182) and normal controls (154-198; mean - 181). There was no 
correlation between VEGFR-1 and VEGF mRNA levels ip = 
0.35) in GBMs. VEGFR-2 was expressed in all GBMs (48-582; 



mean = 210) and in 8/20 cases at least twice normal values 
(87-rlIl; mean = 103). VEGF and VEGFR-2 expressions were 
correlated significantly (p = 0.0035) in GBMs. NRP1 expression 
varied broadly between GBMs (75-3,260; mean = 1,061) con- 
trasting with a constant baseline expression in normal controls 
(383-397; mean = 390), In tumours, NRP1 correlated with 
VEGFR-2 ip = 0.0119) but not with VEGF ip = 0.084), nor 
VEGFR-1 (p = 0.066). s VEGFR-1 was expressed at low levels 
both in normal brains (84-92; mean = 87) and GBMs (25-208; 
mean = 1 01). sVEGFR-1, however, was found to correlate with 
VEGFR-1 (p = 0.0289), VEGFR-2 {p = 0.0029), and NRPI ip - 
0.0027) but not with VEGF ip = 0.053). 

Expression of MMPs and TIMP-2 

MT1-MMP, MMP-2 and MMP-9 were expressed in both nor- 
mal brains and GBMs but at much higher levels in the latter (Fig. 
2a). MT1-MMP mRNA levels were constantly higher in GBMs 
(34-202; mean = 106) than in normal controls (3-29; mean = 
15). MMP-2 and MMP-9 mRNA levels were higher than controls 
in 1 8/20 and 14/20 cases respectively (Hg. 2b) and correlated with 
each other ip = 0.0187). MT1-MMP mRNA levels correlated with 
MMP-2 ip = 0.0008) and MMP-9 ip = 0.005). TIMP-2 had a 
non-discriminative distribution in relation to the controls. TIMP-2 
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Figure 3 - Zymographic analysis of MMP-2 and MMP-9 in tissue 
extracts either from normal brain (N) or GBMs (GB). Medium con- 
ditioned by human HT1080 cells was included as positive control- 
Positions of pro-MMP-9, MMP-9, pro-MMP-2 and MMP-2 are indi- 
cated by arrows. 

TABLE D- ZYMOGRAMS AND WESTERN BLOT QUANTIFICATION OF 
" MMPS IN NORMAL BRAIN AND GBMS 1 



Nl 

N2. 

GB1 

GB2 

GB3 

GB4 

GB5 

GB7 

GB8 

GB9 

GBI2 

GB13 

GB14 

GB15 

GB16 

GB17 * 

GB18 

GB20 . 

GB21 

GB22 





Gelatin 


zynxjgraphy 




Western bloi 


pfoMMP-9 


MMP9 


proMMP-2 


MMP-2 


MTI-MMP 


0.41 


0.00 


1.52 


0.00 


0.44 


0.28 


0.00 


0.83 


0.00 


0.47 


9.00 


1.25 


2.45 


0.35 


1.58 


4.28 


0.00 


2.88 


0.09 


0.47 


1.67 


0.00 


2.86 


0.00 


0 


1.40 


0.00 


4.33 


0.03 


0 


0.47 


0.00 


1.15 


0.00 


ND 


5.29 


0.00 


M2 


0.00 


0 


5.75 


3.78 


4.63 


0.65 


0.55 


5:02 


0.00 


4.09 


0.00 


0.45 


5.08 


0.00 


4.79 


0.20 


3.18 


6.86 


4.58 


4.93 


0.48 


1.55 


5.59 


6.75 


5.53 


0.76 


0.94 


8.00 


0.00 


5.13 


0.00 


ND 


5.55 


1.10 


5.66 


0.00 


2.50 


6.61 


2.04 


6.00 


0.00 


0 


14.79 


4.34 


8.20 


0.40 


1.97 


18.85 


0.00 


2.12 


0.00 . 


0 


16.52 


0.00 


2.37 


0.00 


ND 


20.66 ■ 


0.00 


5.11 


0.00 


0.86 



1 Extracts expressed as arbitrary units. N, normal brain; GB glio- 
blastoma; ND, not determined. 



was correlated with MTI-MMP (p = 0.0019) and MMP-2 (p ~ 
0.0002) but not with MMP-9 ip = 0.1408). 

Correlation between MTI-MMP protein and activated MMP-2 
and -MMP-9 

By gelatin zymography, pro-MMP-2 and pro-MMP-9 were de- 
tected in the 18 GBMs and 2 controls examined (Fig. 3, Table U). 
Id most GBMs, levels of these inactive forms were higher than in 
normal brains and were correlated with their respective mRNA 
levels (MMP2: p < 0.0001; MMP-9p = 0.01) Activated forms of 
MMP-2 and MMP-9 were not found in normal brain. By contrast 
they were present in 8/18 (MMP-2) and 7/18 (MMP-9) GBMs. 
MTI-MMP protein levels were quantified by Western blot in 15 
GBMs and 2 normal brains (Fig. 4, Table U). They were signifi- 
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Figure 4 -Western blot analysis using the ab4 antibody (clone 
U3-5B7) raised against the catalytic domain of MTI-MMP Protein 
extracts from MTI-MMP transfected A2058 cells (clone SL5, 2 *) were 
used as a positive control (+). MTI-MMP protein is detected in 
normal brain (N) and GBMs. ... 



TABLE JD - CORRELATION BETWEEN VEGF. VEGF RECEPTORS MMPS 
AND T1MP-2 EXPRESSED AS p VALUES DERIVED 
FROM SPEARMAN^ TEST 



MTI-MMP 



MMP-2 



MMP-9. 



TTMP-2 



VEGF 
VEGFR-1 
VEGFR-2 
NRP1 

sVEGFR-T 



0.0250 

0:0073 

<0.0001 
0.0053 
0.0313 



0.0245 
0.0710 
0.0168 
0.1334 
0.0469 



0.0053 
<0.0001 
0.0004 
0.2457 
0.0194 



0.0094 
0.4542 
0.0153 
0.5480 
0.2563 



cantly correlated with zympgram-derived activated MMP-2 levels 
(p = 0.0226) but not with activated MMP-9 levels (p = 0.06). 
Interestingly, MTlrMMP protein and mJRNA levels were corre- 
lated significantly (p = 0.089), arguing for a predominantly tran- 
scriptional regulation in GBMs. 

Correlation between VEGF network and MMPs 

mRNA levels of VEGF and VEGF receptors were compared to 
MTI-MMP, MMP-2, MMP-9 and TTMP-2 (Table HI). There was 
a significant correlation between VEGF expression aDd MTI- 
MMP, MMP-2 and MMP-9. A similar correlation was also ob- 
served between VEGFR-2 and MMPs. Interestingly, TTMP-2 ex- 
pression was correlated with VEGF and VEGFR-2 but not with 
other VEGF receptors. 

Immunohistochemistry for VEGF and MTJ-MMP 

VEGF immunoreactivity was shown in both tumour and endo- 
thelial cells, as previously reported (Fig. 5ajb)* By single imrou- 
nostaining, MTI-MMP was detected in glioblastoma cells as a 
diffuse cytoplasmic staining (Fig. 5c y d). MTI-MMP positiviry was 
also seen in endothelial cells and perivascular cells (Fig 5c). By 
double immunostaining, we observed the co- localization of VEGF 
and MTI-MMP in the cytoplasm of numerous tumour cells (Fig. 

DISCUSSION 

GBMs are highly malignant tumours with poor prognosis. They 
show major microvascular proliferation and express high levels of 
VEGF.?* 9 VEGF is a strong mitogen for endothelial cells thereby 
promoting angiogenesis. Previous reports 33 * 34 have suggested that 
VEGF also stimulates tumour cell invasion, migration and survival 
in malignant epithelial cells through an autocrine loop by which 
overexpression of MMPs induces VEGF secretion and leads to 
subsequent amplification of cell proliferation and protection 
against apopiosis. We and others reported previously ihal in human 
melanoma and breast carcinoma cells, MTI-MMP upregulates 
VEGF expression whereas TIMP-2 reduces ii.=*»J* Therefore the 
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Figure 5— Imrminohistocbemis- 
try (scale bar - 50 urn), (aj?) VEGF 
positive tumour and endothelial cells 
(plain arrows) show granular ied 
staining of the cytoplasm. Negative 
cells (empty arrow) are seen in their 
close vicinity, (c) MT1-MMP posi- 
tive cells show a strong brown cyto- 
plasmic staining. They include tu- 
mours cells (plain arrow) and 
endothelial cells (empty arrow), (d) 
MT1-MMP positive tumour cells 
(plain arrow) are mixed with nega- 
tive cells (empty arrow); {ej) Double 
staining with VEGF (red) and MTI 
MMPI (brown). Double positive tu- 
mour cells (plain arrows) contrast 
with negative or single weakly pos- 
itive cell (empty arrow). 



pericellular proteolysis mediated by MTl-MMP in GBMs could 
also induce an autocrine loop resulting in enhanced VEGF expres- 
sion. In mm, VEGF could act as a paracrine factor on endothelial 
cells to stimulate angiogenesis or possibly as an autocrine factor 
promoting glioblastoma cells survival-migration and invasion as 
demonstrated recently in the various rumour cell culture models. 

We compared the expression of VEGF and its receptors with 
MTI-MMP, MMP-2 and MMP-9 in 20 GBMS and 5 normal brains. 
The expression of these MMPs was markedly increased- in most 
GBMs with excellent correlation between mRNA and protein levels. 
MTl-MMP expression has been shown previously to correlate with 
glioma aggressiveness and its transfection in different tumour cell 
lines triggers an angiogenic phenotype and promotes tumour 
growth. 2 ^- 30 - 36 - 38 A majority of GBMs (17/20) also expressed high 
levels of VEGF, as previously reported, wiih a strong correlation 
between VEGF and MTl-MMP gene expression levels. Double in> 
muriostaining studies showed co-expression of VEGF and MTI- 
MMP by the same tumour cells. These data suggest that the transcrip- 




tional control of VEGF by MTI-MMP could be operative not only in 
vitro but also in vivo in human GBMs. 

MT1 : MMP could also promote the growth of GBMs by its 
ability to activate MMP-2 in the presence of low concentration of 
TTMP-2. 40 Pro-MMP-2 activation occurs after the formation of a 
ternary complex that contains pro-MMP-2 linked to cell surface 
MTI-MMP via a T1MP-2 bridge. In accordance with this hypoth- 
esis, we found thai MMP-2 activation occurred in 8/1 8 of our 
GBMs 2041 among which 7/7 tested for MTl-MMP showed high 
contents of this protease. 

Activated MMP-9 was also found in 7/18 of our GBMs. This is 
an interesting finding as active MMP-9 is able to mobilize VEGF 
from its ECM reservoir. 39 Therefore, MMPs could promote 
VEGF-mediated angiogenesis in GBMs by both transcriptional 
(MTl-MMP) and post translations] (MMP-9) mechanisms. 

VEGF binding to VEGFR-2 triggers the proliferation and mi- 
gration of endothelial cells whereas its binding to VEGFR- 1 has 
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opposite effects on glioblastoma cell lines. 12 - 42 Id our study, VEGF 
mRNA levels were correlated with VEGFR-2 but not VEGFR-1, 
NRP1 and s VEGFR- 1 . CoIlectiveJy our data suggest that GBMs 
display a specific and complex pattern of VEGF receptors, trans- 
ducing VEGF signaling toward cell proliferation and migration. 

In conclusion, our study adds to the evidence for an interplay 
between metailoproteinases and VEGF in human. GBMs as previ- 
ously documented in experimental tumours. Because of its dual ability 
to activate MMP-2 and to up-regulate VEGF, MT1 -MMP might be of 
central importance in the growth of human glioblastomas and repre- 
sent an interesting target for anti-cancer treatments. 
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Real-time quantitative RT-PCR of cycliii Dl mRNA in mantle cell 
lymphoma: comparison with FISH and immunohistochemistry. 

fiuiP, Howe JG , Crouch J, Nimmakavalu M Qumsiveh MB TaUini G . Flynn SD 
Smith BR . — 

Department of Laboratory Medicine, Yale University School of Medicine 333 Cedar 
Street, P.O. Box 208035, New Haven, CT 06520-8035, USA. ' 

Presence of the balanced translocation t(l l;l4)(ql 3;q32) and the consequent 
overexpression of cyclin Dl found in mantle cell lymphoma (MCL) has been shown to be 
ot .mportant diagnostic value. Although many molecular and immunohistochemical 
approaches.have been applied to analyze cyclin Dl status, correlative studies to compare 
different methods for the diagnosis of MCL are lacking. In this study, we examined 39 
archived paraffin specimens from patients diagnosed with a variety of 
lymphoproliferative diseases including nine cases meeting morphologic and 
immunophenotypic criteria for MCL by: (1) real-time quantitative RT-PCR to evaluate 
eye m Dl mRNA expression; (2) dual fluorescence in situ hybridization (FISH) to 
evaluate the t(1 1;14) translocation in interphase nuclei; and (3) tissue array 
inmunohistochemistry to evaluate the cyclin Dl protein level. Among the nine cases of 
possible MCL, seven cases showed overexpression of cyclin Dl mRNA (cyclin Dl 

Sr V r^fw mA tW ° C3SeS Sh0WCd n ° CyC,in 01 mJRNA increase ( c y clin °1 negative 
MCL-hke ). In six of seven cyclin Dl positive cases, the t(l 1;14) translocation was 
demonstrated by FISH analysis; in one case FISH was unsuccessful. Six of the seven 
cyclin Dl mRNA overexpressing cases showed increased cyclin Dl protein on tissue 
array immunohistochemistry; one was technically suboptimal. Among the two cyclin Dl 
negative. MCL-like cases, FISH confirmed the absence of the t(l 1 ; 14) translocation in 
both cases. All other lymphoproliferative diseases studied were found to have low or no 
cyclin Dl mRNA expression and were easily distinguishable from the cyclin Dl 
overexpressing MCLs by all three techniques. In addition, to confirming the need to 
assess cychn Dl status, as well as, morphology and immunophenotyping to establish the 
diagnosis of MCL, this study demonstrates good correlation and comparability between 
measure of cyclin Dl mRNA, the 1 1;14 translocation and cyclin Dl. protein. 

Publication Types: 

• Evaluation Studies' 
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Increased expression of proteasome subunits in skeletal muscle of cancer 
patients with weight loss. 

KhajJ/HineAV, Fearon KC , DcjongCH, Tisdale MX 

Pharmaceutical Sciences Research Institute, Aston University, Birmingham B4 7ET, UKL 

Atrophy of skeletal muscle is common in patients with cancer and results in increased 
morbidity and mortality. In order to design effective therapy the mechanism by which 
this occurs needs to be elucidated. Most studies suggest that the ubiquitin-proteasome 
proteolytic pathway is most important in intracellular proteolysis, although there have 
been no reports on the activity of this pathway in patients with different extents of weight 
loss. In this report the expression of the ubiquitin-proteasome pathway in rectus 
abdominis muscle has been determined in cancer patients with weight loss of 0-34% 
using a competitive reverse transcriptase polymerase chain reaction to measure 
expression ofmRNA for proteasome subunits C2 and C5, while protein expression has 
been determined by western blotting. Overall, both C2 and C5 gene expression was 
increased by about three-fold in skeletal muscle of cachectic cancer patients (average 
weightloss 14.5+/-2.5»/o), compared with that in patients without weight loss with or 
without cancer. The level of gene expression was dependent on the amount of weight 
^tUfT"? maximaI1 y for both Proteasome subunits in patients with weight loss of 
u-iy/o. Further increases m weight loss reduced expression ofmRNA for both 
proteasome subunits, although it was still elevated in comparison with patients with no 

/ SS t, WaS "° eVidCnCe for m increase in expression at weight losses less 
than 10 /o. There was a good correlation between expression of proteasome 20SaIpha 
subunits, detected by western blotting, and C2 and C5 mRNA, showing that increased 
gene expression resulted in increased protein synthesis. Expression of the ubiquitin 
conjugating enzyme, E2(l4k), with weight loss followed a similar pattern to that of 
proteasome subunits. These results suggest variations in the expression of key 
components of the ubiquitin-proteasome pathway with weight loss of cancer patients and 
suggest that another mechanism of protein degradation must be operative for patients 
with weight loss less than 10%. 
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Id-1 and Id-2 are overexpressed in pancreatic cancer and in dysplastic 
lesions in chronic pancreatitis. 

Maruvama H, KjeefTJ, WijdiS, Friess H, Buchler MW. Israel MA. Korc M. 

Division of Endocrinology, Department of Medicine, University of California Irvine 
USA. , ' 

Id proteins antagonize basic helix-loop-helix proteins, inhibit differentiation, and enhance 
cell proliferation. In this study we compared the expression of Id- 1 , Id-2, and Id-3 in the 
normal pancreas, in pancreatic cancer, and in chronic pancreatitis (CP). Northern blot 
analysis demonstrated that all three Id mRNA species were expressed at high levels in 
pancreatic cancer samples by comparison with normal or CP samples. Pancreatic cancer 
cell lines frequently coexpressed all three Ids, exhibiting a good correlation between Id 
mRNA and protein levels, as determined by immunoblotting with highly specific anti-Id 
antibodies. Immunohistochemistry using these antibodies demonstrated the presence of 
faint Id-1 and Id-2 immunostaining in pancreatic ductal cells in the normal pancreas 
whereas Id-3 immunpreactivity ranged from weak to strong..In the cancer tissues, many 
of the cancer cells exhibited abundant Id-1, Id-2, and Id-3 immunoreactivity. Scoring on 
the basis of percentage of positive cells and intensity of immunostaining indicated that 
Id-1 and Id-2 were increased significantly in the cancer cells by comparison with the 
respective controls. Mild to moderate Id immunoreactivity was also seen in the ductal 
cells in the CP-like areas adjacent to these cells and in the ductal cells of small and 
interlobular ducts in CP. In contrast, in dysplastic and atypical papillary ducts in CP, Id-1 
and Id-2 immunoreactivity was as significantly elevated as in the cancer cells. These 
findings suggest that increased Id expression may be associated with enhanced 
proliferative potential of pancreatic cancer cells and of proliferating or dysplastic ductal 
cells in CP. 



PME): 1 0487839 [PubMed - indexed for MEDLINE] 



American Journal of Patbology, Vol. 155, No. 3. September 1999 
Copyright © American Society for Investigative Patbology 



Id-1 and ld-2 Are Overexpressed in Pancreatic 
Cancer and in Dysplastic Lesions in 
Chronic Pancreatitis 



Haruhisa Maruyama/ Jorg Kleeff/ Stefan Wildi,* : 
Helmut Friess,* Markus W. Buchler* 
Mark A. Israel * and Murray Korc* 

From the Division of Endocrinology, Diabetes, and Metabolism*. 
Departments of Medicine, Biological Chemistry and 
Pharmacology, University of California, Irvine, California; the ' 
Department of Visceral and Transplantation Surgery? University 
of Bern, Bern, Switzerland; and the Preuss laboratory* 
Department of Neurological Surgery, University of California, 
San Francisco, California . 



Id proteins antagonize basic helix-loop-helix pro- 
teins, inhibit differentiation, and enhance cell prolif- 
eration. In this study we compared the expression of 
Id-1, ld-2, and Id-3 in the normal pancreas, in pan- 
creatic cancer, arid in chronic pancreatitis (CP). 
Northern blot analysis demonstrated that all three Id 
mRNA species were expressed at high levels in pan- 
creatic cancer samples by comparison with normal or 
CP samples. Pancreatic cancer cell lines frequently 
coexpressed all three Ids, exhibiting a good correla- 
tion between Id mRNA and protein levels, as deter- 
mined by immunoblotting with highly specific anti-Id 
antibodies. Immunohistochemistry using these anti- 
bodies demonstrated the presence of faint Id-1 and 
ld-2 immunostaining in pancreatic ductal cells in the 
normal pancreas, whereas ld-3 immunoreactivity 
ranged from weak to strong. In the cancer tissues, 
many of the cancer cells exhibited abundant Id-1 , 
ld-2, and Id-3 immunoreactivity. Scoring on the basis 
of percentage of positive cells and intensity of immu- 
nostaining indicated that Id-1 and ld-2 were increased 
significantly in the cancer cells by comparison with 
the respective controls. Mild to moderate Id immuno- 
reactivity was also seen in the ductal cells in the 
CP-like areas adjacent to these cells and in the ductal 
cells of small and interlobular ducts in CP. In con- 
trast, in dysplastic and atypical papillary ducts in CP, 
Id-1 and Id- 2 immunoreactivity was as significantly 
elevated as in the cancer cells. These findings suggest 
that increased Id expression may be associated with 
enhanced proliferative potential of pancreatic cancer 
cells and of proliferating or dysplastic ductal cells in 
CP. (A?nJ Pathol 199% J55:8l5-822) 



Basic helix-loop-helix (bHLH) proteins play an important 
rote as transcription factors in cellular development, pro- 
liferation, and differentiation. 1,2 The basic domain of the 
bHLHs is required for binding to an E-box DNA se- 
quence, thus promoting transcription of specific target 
genes! The HLH domain promotes dimer formation with 
various members of the bHLH protein family. 1,2 Ho- 
modimers of the class B family of bHLH proteins, includ- 
ing MyoD, NeuroD, and numerous other proteins, are 
known to activate tissue-specific genes. 3-5 These tissue- 
specific bHLHs typically form heterodimers with widely 
expressed class A bHLHs, which include proteins en- 
coded by E2A, E2-2, HEB, and other genes (also termed 
E-proteins). 6-9 These heterodimers activate transcription 
of genes that are associated with differentiation. 

id genes encode a family of four HLH proteins that lack 
the basic DNA binding domain. 1,10 They act as dominant- 
negative HLH proteins by forming high affinity het- 
erodimers with other bHLH proteins, thereby preventing 
them from binding to DNA and inhibiting transcription of 
differentiation-associated genes. 10-12 Id gene expres- 
sion is down-regulated on differentiation in many cell 
types in vitro and in vivo. 13-18 In addition, Id proteins seem 
to be required for cell cycle progression through G-,/S 
phase in certain cell types, and interaction between ld-2 
and pRB is associated with enhanced proliferation in 
some cell lines in vitro? 9 ' 23 

Pancreatic cancer is the fifth leading cause of cancer 
death in. the United States, with a mortality rate that vir- 
tually equals its incidence rate. 24 This malignancy is often 
associated with the overexpression of a variety of mito- 
genic growth factors and their receptors, and by onco- 
genic mutations of K-ras and inactivation of the p53 tumor 
suppressor gene. 25 We have recently, reported that pan- 
creatic cancers overexpress the HLH protein ld-2, and 
that enhanced expression of this protein is evident in the 
cytoplasm of the cancer cells within the pancreatic tumor 
mass. 26 It is not known, however, whether the expression 
of other . Id proteins is altered in this malignancy, or 
whether their expression is altered in chronic pancreatitis 
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(CP), an inflammatory disease that is characterized by 
dysplastic ducts, foci of proliferating ductal cells, acinar 
cell degeneration, and fibrosis. 27 We now report that 
there is a. five- to sixfold increase in ld-1 and ld-2 mRNA 
levels and a twofold increase in ld-3 mRNA fevels in 
pancreatic cancer by comparison with the normal pan- 
creas. In contrast, overall Id mRNA levels are not in- 
creased in CP. 

Patients and Methods 

Normal human pancreatic tissue samples from 7 male 
and 5 female donors (median age 41.8 years, range. 
14-68 years), CP tissues from 13 males and 1 female 
(median age 42.1 years; range 30-56 years), and pan- 
creatic cancer tissues from 10 male and 6 female donors 
(median age 62.6 years; range 63- 83. years) were ob- 
tained through an organ donor program and from surgi- 
cal specimens from patients with severe symptomatic 
chronic pancreatitis or pancreatic cancer. A partial 
duodenopancreatectomy (Whipple/pylorus-p reserving 
Whipple; n = 13), a left resection of the pancreas (n = 2), 
or a total pancreatectomy (o = 1) were carried out in the . 
pancreatic cancer patients. According to the TNM clas- 
sification of the Union Internationale Contre le Cancer 
(UICC) 6 tumors were stage 1, 1 was stage 2, and 9 were 
stage 3 ductal cell' adenocarcinoma. Freshly removed 
tissue samples were fixed in 10% formaldehyde solution 
for 12 to 24 hours and paraffin-embedded for histological 
analysis. In addition, tissue samples were frozen in liquid 
nitrogen immediately on surgical removal and maintained in 
-80°C until use for RNA extraction. All studies were ap- 
proved by the Ethics Committee of the University of Bern, . 
Bern, Switzerland, and by the Human Subjects Committee 
at the University of California, Irvine, California. 

Northern Blot Analysis 

Northern blot analysis was carried out as described pre- 
■:' viously. 26 28 Briefly, total RNA was extracted by the single 
step acid guanidinium thiocyanate phenol chloroform 
method. RNA was size-fractionated on i.2% agarose/1.8 
mol/L formaldehyde gels, electrotransferred onto nylon 
membranes, and cross-linked by UV irradiation. Blots 
were prehybridized and hybridized with cDNA probes 
and washed under high stringency conditions. The fol- 
lowing cDNA probes were used: a 979-bp human IcM 
cDNA probe, a 440-bp human ld-2 cDNA probe, and a 
450^bp human ld-3 cDNA probe, covering the entire 
coding regions of ld-1, ld-2, and ld-3, respectively. A 
BamHI 190-bp fragment of mouse 7S cDNA that, hybrid- 
izes with human cytoplasmic RNA was used to confirm 
equal RNA loading and transfer. Blots were then exposed 
at ~80°C to Kodak BioMax-MS films and the resulting 
autoradiography were scanned to quantify the intensity .of 
the radiographic bands. 26 28 For each sample the ratio of 
Id mRNA expression to 7S expression was calculated. To 
compare the relative increase in expression of the re- 
spective Id mRNA species in the cancer and CP sam- 
ples, the same normal samples were used for normal/ 
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Figure 1. mRNA expression of Jd-1, ld-2, and ld-3 in pancreatic cancer and 
chronic pancreaiiiis. Total RNA (20 /ig/Iane) from six normal, eight cancer- 
ous, and seven chronic pancreatitis tissue samples were, subjected to North- 
ern blot analysis using ^P-labeled cDNA probes (500,000 cprn/ml) specific 
for ld-1, ld-2, and Jd-3, respectively. A 7S cDNA probe (50,000 cpm/ml) was 
used as a loading and transfer control. Exposure times of the normal/cancer 
blots were 1 day for all Id probes, and 2 days for the normal/CP blots. 
Exposure time was 4 hours for mouse 7S cDNA.* By comparison 'with the 
normal samples, id-1 and ld-3 mRNA levels were elevated in 8 and 9 cancer 
samples, respectively, whereas ld-2 was elevated in 6 cancer samples. 

cancer and normal/CP membranes. The median score for 
ld-1, ld-2, and ld-3 mRNA levels in these normal samples 
was set to 100. Statistical analysis was performed with 
SigmaStat software (Jandel Scientific, San Raphael, CA). 
The rank sum test was used, and P < 0.05 was taken as 
the level of significance. 

Cell Culture and Western Blot Analysis 

PANC-1, MlA-PaCa-2, ASPC-1. and CAPAN-1 human 
pancreatic cell lines were obtained from ATCC (Manas- 
sas, VA). COLO-357 human pancreatic cells were a gift 
from Dr. R. S. Metzger (Durham, NC). Cells were routinely 
grown in DMEM (COLO-357, MIA 7 PaCa-2. PANC-1) or 
RPMI (ASPC-1. CAPAN-1) supplemented with 10% fetal 
bovine serum, 100 U/ml penicillin, and 100 ng/m\ strep- 
tomycin. For immunoblot analysis, exponentially growing 
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Figure 2. Deasitometric analysis of Northern blots. Autoradiography of 
Northern blots from 12 normal. 14 CP, and )6 pancreatic cancers were 
analyzed by densitometry. mRNA levels were determined by calculating the 
ratio of the optical density for die respective Jd mRNA species in relation to 
. the optical density of mouse 7S cDNA. To compare the relative increase in 
expression of the respective Id mRNA species in the cancer and CP samples, 
the same normal samples were used for normal/cancer and normal/CP 
membranes. Normal pancreatic tissues are indicated by circles, CP tissues by 
triangles, and cancer tissues by squares. Data are expressed as median 
scores ± SD. By comparison with the normal samples, only die cancer 
samples exhibited significant increases: 6.>fold (P < 0.01) for Id-l, fivefold 
(.P < 0.01) for ld-2 r and twofold {P = 0.027) for Id-3- 



cells (60-70% confluent) were solubilized in lysis buffer 
containing 50 mmol/L Tris-HCI, pH 7.4. 150 rnmol/L NaCI, 
1 mmol/L EDTA, 1 /xg/ml pepstatin A, 1 mmol/L phenyl- 
methylsulfonyl fluoride (PMSF), and 1% Triton X-100. Pro- 
teins were subjected to sodium dodecyl sulfate polyacryl- 
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Figure 3. Id mRNA and protein expression in pancreatic cancer cell lines. 
Upper panels: Total RNA (20 jig^ne) from 5 pancreatic cancer cell fines 
were subjected to Northern blot analysis using 3 ?P-labeled cONA probes 
(500,000 cpnv'ml) specific for Id-l, )d-2, and ld-3 ; respectively. Exposure 
times were 1 day for all Id probes. Lower- panels : ImmunoWouing. Cell 
lysates (30 fig/lane) were subjected to SDS-PAGE. Membranes were probed 
with specific Id-l, Id-2, and Jd-3 antibodies. Visualization was performed by 
enhanced chemiluminescence. 



amide gel electrophoresis (SDS-PAGE), transferred to 
Immobilon P membranes, and incubated for 90 minutes 
with the indicated antibodies and for 60 minutes with 
secondary antibodies against rabbit IgG. Visualization 
was. performed by enhanced chemiluminescence. 



tmmunohistochemistry 

Specific rabbit anti-human ld-1 (C-20), ld-2<C-20), and 
ld-3 (C-20; all from Santa Cruz Biotechnology. Santa 
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figure 4. Norma) and cancerous pancreatic tissues were subjected to irhmu- 
nosiaining using highly specific antnJd-1 (A-C), anii-ld-2 (D-F). and anti-Jd-3 
(G-D antibodies as described in the Methods section. Moderate to strong )d-l 
immunoreactiviry was present in the cytoplasm of duct-like cancer cells (A 
and C, left panel). In the normal pancreas there was weak ld-1 immunore- 
activiiy in the ductal cells (B). Preabsorption with the ld-1 -specific blocking 
peptide abolished the Id- J immunoreactiviry (C, right panel). Strong Id-2 
immunoreactivity was observed in the cytoplasm of the cancer cells that 
exhibited duci-like structures (D and F, left panel), whereas in the normal 
pancreas, there was'only weak ld;2 immunoreactiviry in the ductal cells (E). 
Preabsorption with the Jd-2-specific blocking peptide abolished the Idr2 
immunoreaciivity (F, right paneD. Moderate to strong Jd-3 immunoreactivity 
was present in the duct-like cancer cells (G and I. left panel). Moderate to 
strong ld-3 immunoreactivity was also present in the ductal cells of normal 
pancreatic tissue samples ( H). ld-3 immunofeactivity was completely abol- 
ished by preahsorpiion with the ld-3 specific blocking peptide (1, right 
-paneD- A, D, and G constitute serial sections of a pancreatic cancer sample, 
' revealing compression of the three Id proteins. Scale bars. 25 >*m. 

Cruz, CA) polyclonal antibodies were used lor immunhis- 
tochemistry. These affinity-purified rabbit polyclonal anti- 
bodies specifically react with ld-1 , ld-2, and ld-3, respec- 
tively, of human origin, as determined by Western 
blotting. Paraffin-embedded sections (4 ^m) were sub- 
jected to immunostaining using the streplavidin-peroxi- 
dase technique. Where indicated, immunostaining for all 
three Id proteins was performed on serial sections. En- 




dogenous peroxidase activity was blocked by incubation 
for 30 minutes with 0.3% hydrogen peroxide in methanol. 
Tissue, sections were incubated for 15 minutes (23°C) 
with 10% normal goat serum and then incubated for 16 
hours at 4°C with the indicated antibodies in PBS con- 
taining 1 % bovine serum albumin. Bound antibodies 
were detected with biotinylated goat anti-rabbit IgG sec- 
ondary antibodies and streptavidirvperoxidase complex, 
using diaminobenzidine tetrahydrochloride as the sub- 
strate. Sections were counterstained with Mayer's hema- 
toxylin. Preabsorption with ld-1 - t ld-2-, or id-3-specific 
blocking peptides completely abolished immunoreactiv- 
ity of the respective primary antibody. The immunohisto- 
chemicai results were semiquantitative analyzed as de- 
scribed previously. 29 - 30 The percentage of positive 
cancer cells was stratified into four groups: 0, no cancer 
cells exhibiting immunoreactivity; 1, <33% of the cancer 
cells exhibiting immunoreactivity; 2, 33 to 67% of the 
cancer cells exhibiting immunoreactivity; 3 >67% of the 
cancer cells exhibiting immunoreactivity. The intensity of 
the immunohistochemical signal was also stratified into 
four groups: 0, no immunoreactivity; 1 , weak immunore- 
activity; 2, moderate immunoreactivity; 3, strong immu- 
noreactivity. Finally, the sum of the results of the cell 
score and the intensity score was calculated. Statistical 
analysis was performed with SigmaStat software. The 
rank sum test was used, and P < 0.05 was taken as the 
level of significance. 



Results 

Northern blot analysis of total RNA isolated from 12 nor- 
mal pancreatic tissues and 16 pancreatic cancers re- 
vealed the presence of the 1.2-kb ld-1 transcript and the 
1.6-kb ld2 mRNA transcript in 11 of the 12. normal pan- 
creatic samples, and the 1.3-kb ld-3 mRNA transcript in 
all normal pancreatic samples (Figure 1A, 2). In the can- 
cer tissues, Id-i mRNA levels were elevated in 8 of 16 
samples, ld-2 mRNA levels were elevated in 9 of these 
samples, and ld-3 mRNA levels were elevated in 6 of 
these samples (Figure 1A, 2). Concomitant overexpres- 
sion of all three Id species was observed in 6 of the 
cancer samples (38%). In contrast, none of the Id mRNA 
species were overexpressed in CP by comparison with 
normal controls (Figure 1B, 2). Densitometric analysis of 
all of the autoradiograms indicated that there was a 6.5- 
fold increase (P < 0.01) in ld-1 mRNA levels, a fivefold 
increase (P < 0.01) in ld-2 mRNA levels, and a twofold 
increase (P = 0.027) in ld-3 mRNA levels in the pancre- 
atic cancer samples in comparison to normal controls 
(Figure 2). In contrast, there was no statistically signifi- 
cant difference in the expression levels of ld-1, ld-2, and 
ld-3, in CP tissues in comparison to the corresponding 
levels in the normal pancreas (Figure 2). 

Next, we assessed the expression of the three Id 
genes in 5 human pancreatic cancer ceil lines by North- 
ern and Western blot analyses, ld-1 mRNA was present 
at varying levels in all 5 cell lines (Figure 3). ASPC-1, 
CAPAN-1. MIA-PaCa-2, and PANC-1 expressed moder- 
ate to high levels of ld-1 mRNA, whereas COLO-357 cells 
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Figure 5. Jmmunobistochemistiy of pancreatic cancer and dysplastic ducts in CP tissues. In the pancreatic cancer tissues (A-Cj there was moderate to strong Jd-1 
(A), ld-2 (B), and ld-3 (C) immunoreactivity in the ductal cells in the areas adjacent lo the cancer cefJs that exhibited CP-like alterations. Islet cells did not exhibit 
Id immunoreactivity (outlined by solid arrowheads). In the CP samples, moderate to strong ld-1 (D), ld-2 (E), and ld-3 (F) immunoreactivity- was present in the 
cytoplasm of epithelial cells forming large dysplastic ducts. Scale bar, 25 u,m. 



expressed relatively low levels of this mRNA moiety. 
Western blotting with a highly specific anti-Id- 1 antibody 
confirmed the presence of the approximately 14-kd ld-1 
protein in the 4 cell lines that expressed high levels of 
ld-1 mRNA (Figure 3). Furthermore, the three cell lines 
with the highest ld-1 mRNA expression (CAPAN-1 , MIA- 
PaCa-2, and PANC-.1) also exhibited the Highest ld-1 
protein expression. Variable levels of the - 1.6-'kb ld-2 
mRNA transcript were present in all 5 cell lines. In addi- 
tion, a minor band of approximately 1.2 kb was visible in 
COLO-357 and MIA-PaCa-2 cells. Immunoblot analysis 
with a highly specific antMd-2 antibody revealed two 
-bands of approximately 16 and 18 kd at relatively high 
levels in all of the cell tines with exception of PANC-1 
cells, in which the 16-kd band was relatively faint (Figure 
.3). With the exception of MIA-PaCa-2 cells, there was a 
good correlation between ld-2 mRNA and protein levels 
(Figure 3). ld-3 mRNA was present at high levels in 
MIA-PaCa-2 cells, at moderate levels in COLO-357 cells, 
and at low levels in PANC-1 cells, ld-3 mRNA was not 
detectable in ASPC-1 and CAPAN-1 cells (Figure 3). 
Imrnunbblot analysis with a highly specific antMd-3 anti- 
body revealed an approximately 14-kd band that was most 
abundant in MIA-PaCa-2 cells, and was also readily appar- 
ent in COLO-357 and PANC-1 cells. In contrast, only a faint 
ld-3 band was seen in ASPC-1 and CAPAN-1 cells. Thus, 
with the exception of PANC-1 cells, there was a good cor- 
relation between ld-3 mRNA and protein levels. 



To determine the localization of ld-1, ld-2, and ld-3, 
immunostaining was carried out using the same highly 
specific ant i- Id antibodies. In the pancreatic cancers, 
moderate to strong ld-1 immunoreactivity was present in 
the cancer cells in 9 of 10 Randomly selected cancer 
samples. An example of moderate ld-1 immunoreactivity 
is shown in Figure 4 A, and of strong immunoreactivity in 
Figure 4C (left panel). In contrast, in the normal pancreas, 
faint ld-1 immunoreactivity was present only in the ductal 
cells of pancreatic ducts (Figure 4 B, arrowheads). Pre- 
absorption with the ld-1 -specific blocking peptide com- 
pletely abolished the ld-1 immunoreactivity (Figure 4C, 
right panel). The cancer cells also exhibited strong ld-2 
(Figure 4, D and F. left panel) and moderate to strong ld-3 
immunoreactivity. An example of moderate ld-3 immuno- 
reactivity is shown in Figure 4G, and of strong immuno- 
reactivity in Figure 41 (left panel). In contrast, only faint 
ld-2 immunoreactivity was present in the ductal, cells in 
the normal pancreas (Figure 4E), whereas ld-3 immuno- 
reactivity in these cells was more variable and ranged 
from moderate to occasionally strong (Figure 4H). Islet 
cells and acinar cells were always devoid of Id immunore- 
activity. Preabsorption of the respective antibody with the 
blocking peptides specific for ld-2 (Figure 4F, right panel) 
and ld-3 (Figure 41, right panel) completely abolished im- 
munoreactivity. Analysis of serial pancreatic cancer sec- 
tions revealed that there was often colocalization of the 
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Figure 6. Immunohistochemistry of atypical papillary epithelium in CP tissues- Serial section analysis of some CP samples revealed the presence of large duct-like 
structures with atypical papillary epithelium. Mild to moderate ld-1 (A) and ld-2 (B) immunoreactiviry and weak ld-3 (C) immunoreaciiviry was present in the 
cytoplasm of the cells forming these large ducts with papillary structures. Some CP samples also exhibited moderate ld-3 immunoreactivity in these cells (D). Scale 

bar, 25 Ami- 



three Id proteins. An example of serial sections from a 
pancreatic cancer tissue is shown in Figure 4, A, D, and G. 

■ ld-1, ld-2, and ld-3 immunoreactivity was also present 
at moderate levels in the cytoplasm of ductal cells within 
CP-like areas adjacent to the cancer cells (Figure 5. A-C). 
As in the normal pancreas, islet cells (outlined by arrow- 
heads) did not exhibit Id immunoreactivity. In 4 of 9 CP 
samples, there were foci of ductal cell dysplasia of rela- 
tively large interlobular ducts, all of which exhibited mod- 
erate to strong ld-1. ld-2, and ld-3 immunoreactivity (Fig- 
ure 5, D-F). Five of 9 CP samples also contained foci of 
large ducts exhibiting atypical papillary epithelium. Serial 
section analysis of one of those CP samples revealed 
mild to moderate ld-1 and ld-2 immunoreactivity and 
weak ld-3 immunoreactivity in the cells of these atypical 
papillary ducts (Figure 6, A-C).. In contrast, in some of 
these CP samples, moderate to strong ld-3 immunoreac- 
tivity was also observed (Figure 6D). However, most of 
the ductal cells forming the typical ductular structures of 
CP, such as large interlobular ducts and small proliferat- 
ing ducts, exhibited generally only weak to occasionally 
moderate Id immunoreactivity (data not shown). 



The immunohistochemical data for ld-1, ld-2, and ld-3 
are summarized in Table 1. In the case of ld-1 and ld-2, 
the cancer cells as well as the dysplastic and atypical 
papijlary ducts in CP exhibited a significantly higher 
score than the ductal cells in the normal pancreas. In 
contrast; due to the marked variability in ld-3 immuno- 
staining in the normal pancreas, the differences between 
normal and cancer cells and normai and dysplastic cells 
did not achieve statistical significance. 



Discussion 

Id proteins constitute a family of HLH transcription factors 
that are important regulators of cellular differentiation and 
proliferation. 1 * 2 To date, four members of the human Id 
family have been identified. 1 - 10-12 Their expression is 
enhanced during cellular proliferation and in response to 
mitogenic stimuli, 19 - 31 and over expression of Id genes 
inhibits differentiation and/or enhances proliferation in 
several different cell types. 1S ' 32 ~ 3/ ' The forced expression 
of ld-1 in mouse small intestinal epithelium results in 
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Table 1. Histological Scoring 









ld-1 


ld-2 


ld-3 


. Normal (n = 
Cancer (n = 
CP (n = 9) 


6) 
10) 


Ductal cells 
Cancer cells 

Typical CP lesions (n = 9) 
Dysplastic ducts (n - 4) 
Atypical papillary ducts (n - 5). 


2.0 ± 0.4 
4.5* ± 0.5 
. 2.7 ± 0.5 
5.3* ± 0.2 
4.4* ± 0.2 


2.3 ±0.2 
5.2 s ± 0.3 

3.1 ±0.6 
5.8* ±0.2 
5.2* ± 0.2 


2.5 ± 0.9 
4.5 ± 0.6 
3.4 ± 0.7 
5.3 ± 0.4 
5.0 ±0.4 



Scoring ol.the histological specimens was performed as described in the Patients and Methods section. Values are the means ± SD of the number 
of samples indicated in parenthesis. P values are based on comparisons with the respective controls in the normal samples. 
\P< 0.02; *P.< 0.01; *P = 0.004; 5 P = 0.001. 



adenoma formation in these animals. 35 The growth-pro- 
moting effects of Id genes are thought to occur through 
several mechanisms. For example, ld-2 can bind to mem- 
bers of the pRB tumor suppressor family, thus blocking 
their growth-suppressing activity, 20,21 and ld-1 and ld-2 
can antagonize the bHLH-mediated activation of known 
inhibitors of cell cycle progression such as the cyclinr 
dependent kinase inhibitor P21. 23 

In the present study, we determined by Northern blot 
analysis that a significant percentage of human pancre- 
atic cancers expressed increased ld-1, ld-2, and ld-3 
mRNA levels. Increased expression was most evident for 
ld-1 (6.5-fo!d) and ld-2 (fivefold). In contrast, ld-3 mRNA . 
levels were only twofold increased in the cancer samples, 
partly because this mRNA was present at relatively high 
levels in the normal pancreas. Immunhistochemical anal- 
ysis confirmed the presence of ld-1, ld-2, and ld-3 in the 
cancer cells within the tumor mass, whereas in the normal 
pancreas faint ld-1 and ld-2 immunoreactivity and mod- 
erate to occasionally strong ld-3 immunoreactivity was 
present in some ductal cells. Pancreatic acinar and islet 
cells in the normal pancreas were devoid of ld-1 , ld-2, 
and ld-3 immunoreactivity. In the cancer samples, all 
three Id proteins often colocalized in the cancer cells. 
Coexpression of all three Id genes was also observed in 
cultured pancreatic cancer cell lines, which often exhib- 
ited a close correlation between Id mRNA and protein 
expression. However, in MIA-PaCa-2 there was a diver- 
gence of ld-2 mRNA and protein levels, and in PANC-1 
cells, ld-3 mRNA levels did not correlate well with ld^3 
protein expression. These observations suggest that in 
these cells, the halt-life of either Id mRNA or Id protein . 
may be altered by comparison with the other cell lines. 
Interestingly, ld-2 immunoblotting revealed two closely 
spaced bands of approximately 16 and 18 kd in 4 of 5 
cell lines. In view of the fact that two possible initiation 
codons have been reported for the ld-2 gene. 36 our 
observation raises the possibility that the two ld-2-immu- 
noreactive bands may represent separate translation 
products of the ld-2 gene. 

Pancreatic cancers often harbor p53 tumor suppressor 
gene mutations 37 and exhibit alterations in apoptosis 
pathways. Thus, these cancers often exhibit increased 
expression of anti-apoptotic proteins such as Bcl-2 38 and 
abnormal resistance to Fas-ligahd-mediated apopto- 
sis. 39 It has been shown recently that forced constitutive 
expression of Id genes together with the expression of . 
anti-apoptotic genes such as Bcl^2 or BclX L can result in 



malignant transformation of human fibroblasts, 11 raising 
the possibility that the enhanced Id expression in pan- 
creatic cancers together with increased expression of 
anti-apoptotic genes may contribute to the malignant 
potential of pancreatic cancer cells in vfao. 

In the CP tissues there was no significant increaise in 
ld-1, ld-2, and ld-3 mRNA levels in comparison to the 
normal pancreas. Immunohistochemical analysis of pan- 
creatic cancer samples revealed colocalization of weak 
to moderate ld-1, ld-2, and ld-3 immunoreactivity in pro- 
liferating ductal ceiis in the CP-like regions adjacent to 
the cancer cells, indicating that Id expression was not 
restricted to the cancer cells. Similarly, analysis of CP 
samples indicated weak ld-1, ld-2, and ld-3 immunore- 
activity in the cells of small proliferating ducts and large 
ducts without dysplastic changes. In general, there was a 
correlation between weak immunoreactivity and low Id 
mRNA levels: However, in samples that harbored large 
ducts with papillary structures there was moderate Id 
immunoreactivity, and in the cells forming dysplastic 
ducts there was moderate to strong Id immunoreactivity. 
In these CP samples, Id mRNA levels were relatively 
higher than in the CP samples that were devoid of these 
histological changes. Overall, however, increased Id ex- 
pression, most notably of ld-1 and ld-2, distinguished a 
subgroup of pancreatic cancers from CP (Table 1). 

Epidemiological studies have shown that the risk of 
developing pancreatic cancer is increased up to 16-fold 
in patients with pre-existing CP in comparison to the 
general population. 40 The mechanisms that contribute to 
neoplastic transformation in CP are not known. Although 
there is no established tumor progression model for pan- . 
creatic cancer, such as the adenoma-carcinoma se- 
quence of colorectal carcinoma, 41 it is generally ac- 
cepted, that K-ras and p16 mutations occur relatively 
early in pancreatic carcinogenesis, whereas p53 muta- 
tions occur late in this process. 37 * 41 " 43 Increased Id ex- 
pression may contribute to malignant transformation of 
cultured cell lines in vtfro 11 and has been linked to cell 
invasion in a murine mammary epithelial cell line. 44 In 
view of the current findings that ld-1, ld-2, and ld-3 are 
overexpressed in pancreatic cancer and in dysplastic/ 
metaplastic ducts in CP, these observations raise the 
possibility that elevated levels of ld-1, ld-2, and. to a 
lesser extent, ld-3 may represent relatively early markers 
of pancreatic malignant transformation and may contrib- 
ute to the pathobiology of pancreatic cancer. 
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Alterations in neuropeptide Y levels and Yl binding sites in the Flinders 
Sensitive Line rats, a genetic animal model of depression. 

Caberlotto L. Jimenez P, Overstreet PH. Hurd YL, Mathe AA. Fuxe K . 

Department of Neuroscience, Karolinska Institute, Stockholm, Sweden. 

Previously, we observed specific alterations of neuropeptide Y (NPY) and Yi receptor 
mRNA expression in discrete regions of the Flinders Sensitive Line rats (FSL), an animal 
model of depression. In order to clarify the correlation between mRNA expression and ; 
protein content, radioimmunoassay and receptor autoradiography were currently 
performed. In the FSL rats, NP Y-like immunoreactivity (NPY-LI) was decreased in the 
hippocampal CA region, while Yl binding sites were increased; NPY-LI was increased 
in the arcuate nucleus. Fluoxetine treatment elevated NPY-LI in the arcuate and anterior 
cingulate cortex and increased Yl binding sites in the medial amygdala and occipital 
cortex in both strains. No differences were found regarding the Y2 binding sites. The 
results demonstrate a good correlation between NPY peptide and mRNA expression, and 
sustain the possible involvement of NPY and Yl receptors in depression. 
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Follicle-stimulating hormone receptor and its messenger ribonucleic acid 
are present in the bovine cervix and can regulate cervical prostanoid 
synthesis. 

Mizrachi D , S hemes h M . 

Department of Hormone Research, Kimron Veterinary Institute, Bet Dagan, Israel 50250. 

The hypothesis that FSH regulates the bovine cervical prostaglandin E(2) (PGE(2)) 
synthesis that is known to be associated with cervical relaxation and opening at the time 
of estrus was investigated. Cervical tissue from pre-estrous/estrous, luteal, and 
postovulatory cows were examined for 1) the presence of bovine (b) FSH receptor (R) 
and its corresponding mRNA and 2) the effect of FSH on the PGE(2) regulatory pathway 
in vitro. The presence of bFSHR mRNA in the cervix (maximal during pre-estrus/estrus) 
was demonstrated by the expression of a reverse transcription (RT) polymerase chain 
reaction (PCR) product (384 base pairs) specific for bFSHR mRNA and sequencing. 
Northern blotting revealed three transcripts (2.5, 3,3, and 3.8 kilobases [kb]) in cervix 
from pre-estrous/estrous cows. The level of FSHR (75 kDa) was significantly higher (p < 
0.01 ) in Western blots of pre-estrous/estrous cervix than in other cervical tissues. There 
was a good correlation between the 75-kDa protein expression arid its corresponding 
transcript of 2.55 kb throughout the estrous cycle as described by Northern blot analysis 
as well as RT-PCR. Incubation of FSH (10 ng/ml) with pre-estrous/estrous cervix 
resulted in a 3 -fold increase in the expression of FSHR and a 2-fold increase in both G 
protein (alpha(s)) and cyclooxygenase II. FSH (5-20 ng/ml) significantly increased (p < 
0.01) cAMP, inositol phosphate (p < 0.01), and PGE(2) (p < 0.01) production by pre- 
estrous/estrous cervix but not by cervix at the other stages. We conclude that bovine 
cervix at the time of the peripheral plasma FSH peak (pre-estrus/estrus) contains high 
levels of FSHR and responds to FSH by increasing the PGE(2) production responsible for 
cervical relaxation at estrus. 
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The decompensated detrusor III: impact of bladder outlet obstruction on 
sarcoplasmic endoplasmic reticulum protein and gene expression. 

SteinR,' Gong C. Hutcheson JC Canning DA, Zderic SA . 

Division of Urology, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania 
USA. 

PURPOSE: Regulation of calcium iori homeostasis has a significant role in smooth 
muscle contractility. The sarcoplasmic endoplasmic reticulum, calcium, magnesium, 
adenosine triphosphatase (SERCA) is a regulatory ion pump that may have a role irithe 
functional outcome after outlet obstruction. We investigate what correlation if any existed 
between SERCA protein and gene expression, and the contractile properties in the same 
bladder. MATERIALS AND METHODS; Standardized partial bladder outlet 
obstructions were created in adult New Zealand white rabbits, which were divided into 
control, sham operated and obstructed groups. Muscle strip studies subcategorized the 
• obstructed group into compensated (force greater than 50% of control) and 
decompensated (force less than 50% of -control); Microsomal membrane and total RNA 
fractions were prepared from the same bladder tissue. Membrane proteins were used for 
Western blot analysis using a SERCA specific monoclonal antibody, and total RNA was 
assessed with Northern blot analysis. RESULTS: The relative intensities of signals for 
the Western and Northern blots demonstrated a strong correlation between protein and 
gene expression. Furthermore there was a strong association between the loss of SERCA 
messenger RNA and protein expression and loss of bladder function; CONCLUSIONS: 
Bladder contractility after outlet obstruction is influenced in part by smooth muscle cell 
ability to maintain calcium homeostasis via SERCA. The loss of SERCA protein 
expression is mediated by down-regulation in gene expression in the same bladder. These 
data suggest that smooth muscle ion pump gene expression is in part mechanically 
(pressure work) regulated. 
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[The pathogenic role of macrophage migration inhibitory factor in acute 
respiratory distress syndrome] 

[Article in Chinese] 

GuoY .XieC 

?Hwf TT TJ°JZ^ ^ CXpreSSi0n md P ath °g e »ic role of macrophage migration 

WTHnn^ } I" 3CUte reSpirat01 ^ distress syndrome(ARbs) 

METHODS The ^serum level of MIF in ARDS patients and normal persons were 
measured by ELISA method. Peripheral blood mononuclear cell (PBMC) MIF expression 
was determmed by flow- cytometry. The expression of MIF mRNA 
lung tissues were detected by using double immuno histochemistry labeling and in situ 
hybnd.zat.on. RESULTS The serum level of MIF increased significantly t AwS 
patients as compared with normal persons (P < 0.01). The percentage of PBMC MIF 
expression was higher in ARDS patients than in normal controls (P < 0 01) In situ 
hybridization and immunohistochemistry showed undetectable or weak MIF mRNA and 

rnRNA I'" nOImal * C ° nfraSt ' th6re WdS marked regulation of MIF 

mRNA and protein expression m the ARDS lungs. In ARDS macro phages infiltrated the 
alveolar space and interstitium, most of which also expressed MIF. mfilLtine 
macrophages were almost restricted to the areas of severe tissue damage The MIF 

CON?LUsSfTT ed " St T g . C T? ati0n With ^^infiltrating macrophages. 

ARDS patients with enhanced pulmonary MIF expression and macrophage infiltration 
winch suggests that MIF plays a pivotal role in the pathogenesis of ARdI 
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An increased high-mobility group A2 expression level is associated with 
malignant phenotype in pancreatic exocrine tissue, 

AbeN, Watatiabe T, Suzuki Y . Matsumoto N . Masaki T . Mod T , Sugiyama M 
Cfaiappetta Fusco A , Atomi Y . 

First Department of Surgery, Kyorin University School of Medicine, 6-20-2, Shinkawa, 
Mitaka, Tokyo 181-8611, Japan, abenbtg@kyorin-u.ac.jp 1 

The altered form of the high-mobility group A2 (HMGA2) gene is somehow related to 
the generation of human benign and malignant tumours of mesenchymal origin. 
However, only a few data on the expression of HMGA2 in malignant tumour originating 
from epithelial tissue are available. In this study, we examined the HMGA2 expression 
level in pancreatic carcinoma, and investigated whether alterations in the HMGA2 
expression level are associated with a malignant phenotype in pancreatic tissue. High- 
; mobility group A2 mRNA and protein expression was determined in eight surgically 
resected specimens of non-neoplastic tissue (six specimens of normal pancreatic tissue 
and two of chronic pancreatitis tissue) and 27 pancreatic carcinomas by highly sensitive 
reverse transcriptase-polymerase chain reaction (RT-PCR) techniques and 
immunohistochemical staining, respectively Reverse transcriptase-polymerase chain 
reaction analysis revealed the expression of the HMGA2 gene in non-neoplastic 
pancreatic tissue, although its expression level was significantly lower than that in 
carcinoma. Immunohistochemical analysis indicated that the presence of the HMGA2 
gene in non-neoplastic pancreatic tissue observed in RT-PCR reflects its abundant 
expression in islet cells, together with its focal expression in duct epithelial cells. Intense 
and multifocal of diffuse HMGA2 immunoreacti vity was noted in all the pancreatic 
carcinoma examined. A strong correlation between HMGA2 overexpression and the 
diagnosis of carcinoma was statistically verified. Based on these findings, we propose 
that an increased expression level of the HMGA2 protein is closely associated with the 
malignant phenotype in the pancreatic exocrine system, and accordingly, HMGA2 could 
serve as a potential diagnostic molecular marker for distinguishing pancreatic malignant 
cells from non-neoplastic pancreatic exocrine cells. 
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Selective a po ptosis of natural killer-cell tumours by (-asparaginase. 

Ando M, Sugimoto K, KHohT, Sasaki M , Mukai K , AndoJ, Egashira M , Schuster 
SM, Oshimi K . 

Department of Haematology, Juntendo University School of Medicine, Tokyo, Japan. 

We examined the effectiveness of various anti-tumour agents to natural killer (NK)-cell 
tumour cell lines and samples, which are generally resistant to chemotherapy, using flow 
cytometric terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end- 
labelling (TUNEL) assay. Although NK-YS and NK-92 were highly resistant to various 
anti-tumour agents, i-asparaginase induced apoptosis in these two NK-cell lines. NK-cell 
leukaemia/lymphoma and acute lymphoblastic leukaemia (ALL) samples were 
selectively sensitive to 1-asparaginase and to doxorubicin (DXR) respectively. Samples of 
chronic NK lymphocytosis, an NK-cell disorder with an indolent clinical course, were 
resistant to both drugs. Our study clearly separated two major categories of NK-cell 
disorders and ALL according to the sensitivity to DXR and 1-asparaginase. We examined 
asparagine synthetase levels by real-time quantitative polymerase chain reaction (RQ- 
PCR) and irnmunostaining in these samples. At least in nasal-type NK-cell lymphoma, 
there was a good correlation among asparagine synthetase expression, in vitro sensitivity 
and clinical response to 1-asparaginase. In aggressive NK-cell leukaemia, although 
asparagine synthetase expression was high at both mRNA and protein levels, 1- 
asparaginase induced considerable apoptosis. Furthermore, samples of each disease entity 
occupied a distinct area in two-dimensional plotting with asparagine synthetase. mRNA 
level (RQ-PCR) and in vitrol-asparaginase sensitivity (TUNEL assay); We confirmed 
rather specific anti-tumour activity of 1-asparaginase against NK-cell tumours in vitro, . 
which provides an experimental background to the clinical use of 1-asparaginase for NK- 
cell tumours. 
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BMI-1 gene amplification and overexpression in hematological 
malignancies occur mainly in mantle cell lymphomas. 

BeaS, TortF. Pinvol M, Puig X , Hernandez L , Hernandez S . Fernandez PL/van 
Lohuizen M, Colomer D, Campo E . 

The Hematopathology Section, Laboratory of Anatomic Pathology, Hospital Clinic, 
Instirut d'Investigacions Biomediques August Pi i Sunyer (IDIBAPS), University of 
Barcelona, Spain, 

The BMI- 1 gene is a putative oncogene belonging to the Polycomb group family that 
cooperates with c-myc in the generation of mouse lymphomas and seems to participate in 
cell cycle regulation and senescence by acting as a transcriptional repressor of the 
INK4a/ARF locus. The BMI-1 gene has been located on chromosome I Op 13, a region 
involved in chromosomal translocations in infant leukemias, and amplified in occasional 
non-Hodgkin's lymphomas (NHLs) and solid tumors. To determine the possible 
alterations of this gene in human malignancies, we have examined 1 60 
lymphoproliferative disorders, 13 myeloid leukemias, and 89 carcinomas by Southern 
blot analysis and detected BMI-1 gene amplification (3- to 7-fold) in 4 of 36 (1 1%) 
mantle cell lymphomas (MCLs) with no alterations in the rNfC4a/ARF locus. BMI-1 and 
pl6INK4a mRNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Western blot, respectively, in a subset of NHLs. BMI-1 
expression was significantly higher in chronic lymphocytic leukemia and MCL than in 
follicular lymphoma and large B cell lymphoma. The four tumors with gene 
amplification showed significantly higher rnRNA levels than other MCLs and NHLs with 
the BMI-1 gene in germline configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between BMI-1 mRNA 
levels and protein expression was observed in all types of lymphomas. No relationship 
was detected between BMI-1 and p l6INK4a mRNA levels. These findings suggest that 
BMI-l gene alterations in human neoplasms are uncommon, but they may contribute to 
the pathogenesis in a subset of malignant lymphomas, particularly of mantle cell type. 
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Abstract 

■ The BMI-1 gene is a putative oncogene belonging to the Polycom b 
group family that cooperates with c-myc in the generation of mouse 
lymphomas and seems to participate in cell cycle regulation and senes- 
cence by acting as a transcriptional repressor of the INK4a/ARF locus. 
The BM1-J gene has been located on chromosome 10pl3, a region involved 
in chromosomal translocations in infant leukemias, and amplified in. 
occasional non-Hod gkin's lymphomas (NHLs) and solid tumors. To de- 
termine, the possible alterations of this gene in human malignancies, we 
have examined 360 lymphoprotiferative disorders, 13. myeloid leukemias, 
and 89 carcinomas by Southern blot analysis and detected BMI-1 gene 
amplification (3- to 7-fold) in 4 of 36 (11%) mantle cell lymphomas 
(MCLs) with no alterations in the 1NK4MRF locus. BMI-1 and pl6 ,NK4a 
mRNA and protein expression were also studied by real-lime quantitative 
reverse transcription-PCR and Western blot, respectively, in a subset of 
NHLs. B Ml- 1 expression was significantly higher in chronic lymphocytic 
: leukemia and MCL> than in follicular lymphoma and large B cell lym- 
phoma. The four tumors with gene amplification showed significantly 
higher mRNA levels than other MCLs and NHLs with the BMJ-1 gene in 
germ line configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between 
BMI-1 mRNA levels and protein expression was observed in all types of 
lymphomas. No relationship was detected between BMI-1 and pl6 ,NK4 * 
mRNA levels. These findings suggest that BMJ-1 gene alterations in 
human neoplasms are uncommon, but they may contribute to the patho- 
genesis in a subset of malignant lymphomas, particularly of mantle eel) 
type. 

Introduction 

The BMJ-J 1 gene is a putative oncogene of the Polycomb group 
originally identified by retroviral insertional mutagenesis in Efi-c- 
myc transgenic mice infected with the Moloney murine leukemia 
virus (1, 2). These animals had a rapid development of pre-B cell 
lymphomas showing frequent proviral insertions near the BMJ-J gene. 
This integration resulted in BMJ-1 overexpression suggesting a coop- 
erative effect between C-MYC and BMJ-J genes in the development of 
these tumors (3, 4). Recent studies have indicated that the BMJ-1 gene 
may also participate in cell cycle control and senescence through the 
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JNK4a/ARF locus by acting as an upstream negative regulator of 
pJ6 iNK4a and p i4/p|QARF gene expression (5). the human BMJ-1 
gene has been mapped to chromosome 10pl3 (6), a region involved in 
chromosomal translocations in infant leukemias (7) and rearrange- 
ments in malignant T cell lymphomas (8, 9). More recently, high-level 
DNA amplifications of this region have been found by comparative 
genomic hybridization in NHLs and solid tumors (10, 11). However, 
the possible implication of the BMJ-J gene in these alterations and its 
role in the pathogenesis of human tumors is not known. The aim of 
this , study was to analyze- the possible BMJ-1 gene alterations , and 
expression in a large series of human neoplasms and to determine the 
relationship with JNK4a/ARF locus aberrations. 

Materials and Methods 

Case Selection. A series of 2.62 human tumors, including 1 73 hematolog- 
ical malignancies and 89 carcinomas (Table 1)» matched normal tissues from 
all carcinomas, 11 samples of normal peripheral mononuclear cells, and 5 
reactive lymph nodes and tonsils, were selected based on the availability of 
frozen samples-for molecular analysis. 

DNA Extraction and Southern Blot Analysis. Genomic PNA was ob- 
tained using Proteinase K/RNase treatment. 15 fig were digested with £coRI 
and ///ndlll restriction enzymes (Life Technologies, Inc., Gaithersburg, MD), . 
for Southern blot analysis and hybridized with a 1 .5-kb Pstl fragment of the 
partial BMJ-J cDNA (6). 

RNA Extraction and Real-time Quantitative RT-PCR. Total RNA was 
obtained from 67 lymphoid neoplasms (10 CLLs, 27 MCLs, 8 FLs, and 22 
LCLs) using guanidine/isothiocyanate extraction and cesium/chloride gradient 
centrifbgation. One jug of total RNA was transcribed into cDNA using 
MMLV-reverse transcriptase (Life Technologies, Inc.) and random hexamers, 
following manufacturer's directions. Sequences of the BMJ-J and the pJ6 
detection probes and primers were designed using the Primer Express program 
(Applied Biosystems, Foster City) as follows: BMI-1 sense, 5'-CTGGTTGC- 
CCATTGACAGC-3'; BM1-J antisense, 5'-CAGAAAATGAATGCGAG- 
CCA-3'; pJ6 sense, 5'-CAACGCACCGAATAGTTACGG-3'; pJ6 antisense, 
5'-AACTrCGTCCTCCAGAGTCGC-3'. The probes BMJ-J, 5'-CAGCTC- 
GCTTCAAGATGGCCGC-3', and p!6, 5 '-CGGAGGCCGATCCAGGT GG- 
GTA-3', were labeled with 6-carboxy-fluorescein as the reporter dye. The 
TaqM an- GAPDH Control Reagents (Applied Biosystems) were used to am- 
plify and detect the GAPDH gene, as recommended by the manufacturer. The 
quantitative assay amplified I jiml of cDNA in two to four replicates using the 
primers and probes described above and the standard master mix (Applied 
Biosystems). AH reactions were performed in an ABI PRISM 7700 Sequence 
Detector System (Applied Biosystems). GAPDH, BMI-1, and pie 1 ** 4 * ex- 
pression was related to a standard curve derived from serial dilutions of Raji 
cDNA. The.RUs of BMI-1 and pl^ 1 "* 4 * expression were defined as the 
mRNA levels of these genes normalized to the GADPH expression level in 
each case. 

Protein Analysis. Whole-cell protein extracts were obtained from.addi-. 
tionai frozen tissue available in 31 cases (7 CLLs, 12 . MCLs, 8 FLs, and 4 
LCLs), loaded onto a 10% SDS-polyacrylamide gel, and electroblotted to a 
nitrocellulose membrane (Amersham). Blocked membranes were incubated 
sequentially with the monoclonal antibody BM1-F6 (12), antimouse conju- 
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Table I Hematological malignancies and solid tumor samples analyzed for BMl-l 
gene alterations 



Tissue samples 



No. of cases 



Hematological malignancies . 




Hodgkio's disease 


2 


B cell lymphoproliferative disorders 




B-Acute lymphoblastic leukemia 


14 


CLL 


29 


Hairy cell leukemia 


. 4 


FL 


15 


MCL 


36 


LCL 


40 


T cell lymphoproliferative disorders 




T- A cute lymphoblastic leukemia 




Large granular cell leukemia 


4 


Peripheral T-cell lymphoma 




Myeloproli feral ive disorders 




Acute myeloid leukemia 


7 


Chronic myeloid leukemia 


6 


Solid tumors 




Colon carcinoma 


26 


Breast carcinoma 


29 


Laryngeal squamous cdl carcinoma 


34 


Total 


262 



gated to horseradish peroxidase (Amersham), and detected by enhanced chemi- 
luminescence (Amersham) according to the manufacturer's recommendations. 

Sta tistical Analysis. Because of the non-normal distribution of the samples 
and the small. size of some subsets of tumors, the statistical evaluation was 
performed using nonparametric tests (SPSS, version 9.0). Comparison between 
mRNA expression levels in the different groups of NHLs was performed using 
the Kruskal-WaJlis Test, with a P for significance set at 0.05. For differences 
between particular groups, the conservative Bonfefroni procedure was per- 
formed, and the P was set at 0.005. The remaining statistical analyses were 
carried out using the Mann-Whitney nonparametric U test (significance, P 
<0.05). The comparison between BMM and p!6 JNK4a quantitative mRNA 
levels was also performed using the Pearson *s correlation coefficient. 



Results 

BMJ-J Gene Amplification. The BMJ-J gene was examined by 
Southern Wot in a large series of human tumors and normal samples 
(Table 1). The cDNA probe used in the study detected three £cdR\ 
fragments of 7.3, 3:8, and 2.6 kb and three Hindi}} fragments of 6.2, 
4, and 3.5 kb. BMI-l gene amplification (3- to 7-fold) was detected in 
4 of 36 (11%) MCLs (Fig. 1). The amplifications were confirmed with 
both restriction enzymes. The amplified MCLs were two Mastoid and 
two typical variants. No amplifications were observed in any of the 
solid tumors when compared with their respective matched non- 
neoplastic mucosa. No BMJ-J gene rearrangements were observed in 
any of the samples examined. 

BMI-l mRNA Expression. To determine the BMI-l expression 
pattern in NHL we analyzed BMM mRNA levels by real-time quan- 
titative RT-PCR in 67 lymphomas (10 CLLs, 27 MCLs, 8 FLs, and 22 
LCLs), including the four tumors with gene amplification. A distinct 
BM1-I mRNA expression pattern was observed in the different types 
of lymphomas (Fig. 2; Kruskal-Wallis Test; P < 0.001). The BM1 
mRNA levels in CLLs (mean, 2.2 RU; SD, J. 3) and MCLs with no 
BMJ-J gene amplification (mean, 2.5 RU; SD, 2.3) were significantly 
higher than in FLs (mean, 0.9 RU; SD, 0.8) and LCLs (mean, 0.6 RU; 
SD, 0.4; Mann- Whitney nonparametric V test; P < 0.01). The 4 
MCLs with 3MI-J gene amplification showed significantly higher 
levels of expression than all other groups of tumors (mean, 5.1 RU; 
SD, 1 .6; P < 0.005). In addition, five typical MCLs with no structural 
alterations of the gene also showed very high levels of BMM mRNA 
expression ranging from 4 to 9.8 RU, similar to cases with gene 
amplification (Fig. 2A). 

BMM Protein Expression. BMM protein expression was exam- 
ined by Western blot in 31 rumors (7 CLLs; 12 MCLs, including two 
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cases with BMJ-J gene amplification and 4 cases with mRNA over- 
expression and no structural alteration of the gene; 8 FLs, and 4 LCLs) 
in which additional frozen tissue was available. The monoclonal 
antibody against BMI-l detected three closely migrating proteins of 
M r 45.000-48,000 (2). The two more slowly migrating bands prob- 
ably represent pbosphorylated isoforms of the protein (12). The two 
MCLs with gene amplification and three of four cases with mRNA 
' overexpression without amplification of the gene showed very high 
levels of protein expression. The remaining MCLs and CLLs showed 
intermediate levels of protein expression, whereas low- or no-expres- 
sion signals were detected in the LCLs and FLs included in the study 
(Fig. 3). These results indicate that BMM protein expression in NHL 
is concordant with the mRNA levels observed by real-time quantita- 
tive RT-PCR, 

Relationship between BMJ-1 and pl6 JNK4a Gene Alterations. 

The INK4a/ARF locus has been recently identified as a downstream 
target of the transcriptional repressing activity of the BMJ-J gene, 
suggesting that this gene may contribute to human neoplasias with 
wild type JNK4/AJIF (5). Most of the lymphoproliferative disorders 
analyzed in the present study, including the four cases with BMJ-J 
gene amplification, had been previously examined for p53 gene mu- 
tations and JNK4a/ARF locus alterations, including gene deletions, 
mutations, hypermethylation, and expression (13, 14). The four MCLs 
with BMJ-J gene amplification and mRNA overexpression and the. 
five tumors with BMM mRNA overexpression with no structural 
alterations of the gene showed a wild-type configuration of the 
JNK4a/ARF locus (13). However, one case vnih BMJ-J gene ampli- 
fication and one case with mRNA overexpression with no alteration of 
the gene showed p53 gene mutations associated with allelic deletions. 

To determine the possible relationship between BMM and 
pl6 INK4a mRNA expression, pie™* 4 * mRNA levels were evaluated 
by real-time quantitative RT-PCR in 50 tumors (10 CLLs, 27 MCLs, 
and 13 LCLs), including 6 cases with alterations in the JNK4a/ARF 
locus (2 MCLs and 1 LCL with /?76* INK4a gene deletion, 2 LCLs with 
pi 6 promoter hypermethylation, and 1 CLL with />76' INK4a gene- 
mutation), and the 4 lymphomas with BMJ^J amplification. Negative 
or negligible levels of pJ6 INK4a were observed in the 6 tumors with 
JNK4a/ARF locus alterations. These cases were not included in the 
comparisons between BMM and pl6 ,NK4a mRNA expression. The 
p!6 INK4a expression levels were relatively similar in the different 
types of tumors. Only LCLs tended to have lower levels of expression, . 
but the differences did not reach statistical significance (Fig. 2B). No 
differences were observed in the pl6 INK4a mRNA levels between 
tumors with BMJ-J gene amplification and overexpression and lym- 
phomas with germline configuration of the gene. 
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Fig. I. Southern Wot analysis of BMJ-J gene. Four MCLs (MCL ♦) showed Bhil-l gene 
amplification (3- to 7- fold) compared with non- neoplastic tissues (N) and other NHLs. No 
amplifications or gene rearrangements were detected in the remaining NHLs and carci- 
nomas included in the srodv. 
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Fig. 2. A % quantitative BMI-1 mRNA transcript analysis (median and range) using 
real-time RT-PCR in a series of NHLs. MCLs with BMI-J gene amplification (A/CZ.*) 
revealed significantly higher overall BMI-J mRNA levels than all other types of NHLs, 
including MCLs with no structural alterations of the gene (P < 0.005). MCLs and CLLs 
expressed significantly higher levels than FLs and LCLs (P < 0.00 J). Results are depicted 
as the ratio of absolute BMMrGADPH mRNA transcript numbers (RU). Bars, SD. B„ 
quantitative pl6 ,Nit4 * mRNA transcript analysis (median and range) using real-time 
^RT-PCR in a series of NHLs. Expression levels were relatively similar in the different 
types of tumors. Results arc depicted as the ratio of absolute pi 6 ,NK4 ":GADPH mRNA 
transcript numbers (RU). Bors, SD. 



Discussion • . 

In the present study, we have examined a large series of human 
rumors for the presence of gene alterations and mRNA expression of 
the BMI-J gene. Gene amplification was identified in four MCLs. 
These rumors showed significantly higher levels of mRNA and pro- 
tein expression compared with other lymphomas with BMI-J in germ- 
line configuration. BM1-1 expression levels were also highly up- 
regulated in a subset of MCLs with no apparent structural alterations 
of the gene. No alterations were detected in any of the different types 
of carcinomas included in the study. BMI-J is considered an oncogene 
belonging to the Polycomb group family of genes. These proteins 
mainly act as transcriptional regulators, controlling specific target 
genes involved in development, cell differentiation, proliferation, and 
senescence. Different studies have shown the implication of BMI-1 
overexpression in the development of lymphomas in murine and 
feline animal models (3. 4). The findings of the present study indicate 
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- for the first time that BMI-J gene alterations in human neoplasms are 
an uncommon phenomenon, but they seem to occur mainly in a subset 
of NHLs, particularly of mantle cell type. 

The human BMI-I gene has been mapped to chromosome J Op 13. 
High-level DNA amplifications and gains in this region have been 
identified by. comparative genomic hybridization in occasional solid 
tumors and NHLs (10, 11). Different chromosomal translocations 
involving the 10pl3 region have also been identified in infant leuke- 
mias and T cell lymphoproliferative disorders (7, 8, 15). Most acute 
leukemias with this chromosomal alteration occur in children <12 
months of age, whereas it seems to be extremely rare in adults. lOp 
translocations in T-cell lymphoproliferative disorders have been ob- 
served mainly in adult T cell leukemia/Iymphomas and occasional 
cutaneous T cell lymphomas. In our study, we did not observe BMI-J 

. rearrangements or amplifications in any of the acute leukemias or T 
cell lymphomas. However, all of the acute leukemias in this study 
were diagnosed in patients over 1 6 years, and no adult T cell leuke- 
mia/lymphomas or cutaneous lymphomas could be included in the 
series. Similarly, high-level DNA amplifications at the 10pl3 region 
have been detected in head and neck carcinomas and other solid 
tumors. Although we found no. evidence for BMI-J gene rearrange- 
ments or amplifications in a substantial set of carcinomas, this does 
not exclude the possibility of increased gene expression or protein 
levels in these tumors. Additional studies are required to elucidate the 
possible involvement of BMI-J in these particular groups of human 
neoplasms. 

In human hematopoietic cells, BMI-1 is preferentially expressed in 
primitive CD34+ bone marrow cells, whereas it is negative or very 
low in more mature CD34- cells (16). In peripheral lymphocytes, and 
particularly in f follicular B cells, BMI-1 protein expression has been 
detected in resting cells of the mantle zone, whereas it is down- . 
regulated in proliferating germinal center cells (17, 18). These obser- 
vations indicate that BMI-I expression in normal hematopoietic cells 
is tightly regulated in relation with cell differentiation in bone marrow 
and antigen-specific response in peripheral lymphocytes. BMI-I ex- 
pression in human tumors lias not been examined previously. In this 
study, we have demonstrated that BMI-1 mRNA and protein expres- 
sion show a distinct pattern in different types of lymphomas. Thus, - 
BMI-1 levels were low in LCLs and FLs and significantly higher in 
MCLs and CLLs. These findings suggest that BMJ-I expression 
patterns in B cell lymphomas maintain in part the expression profile 
of their normal cell counterparts; because FLs and at least a subgroup 
of LCLs are considered lymphomas derived from follicular germinal 
center cells, whereas MCLs and CLLs are tumors mainly derived from 
naive pregerminal center cells. However, the four MCLs with BMI-I 
gene amplification expressed significantly higher mRNA levels than 
all other rumors. In addition, five MCLs with no structural alterations . 
of the gene showed high mRNA levels similar to those observed in 
tumors with BMI-I gene amplification, suggesting that other mecha- 
nisms may be involved in up-regulation of the gene in these lympho- 
mas. Different studies using animal models have shown a dose- 
dependent effect of BMI- I gene expression on skeleton development 
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Ftg. 3. Western Wot analysis of BM1- 1 protein in NHL*. The amplified MCL (17624) 
showed the highest BMI-1 protein levels, whereas other MCLs and CLLs had intermediate 
levels of expression. Very low or negative signal was observed in FLs and LCLs. 
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iand ryrnphomagenesis (1. 3). These observations suggest that the high 
mRNA and protein levels detected in a subset of MCLs may play a 
role in the pathogenesis of these neoplasms. 

Recent studies have identified the JNK4/ARF locus as a down- 
stream target of the BMI-1 transcriptional repressor activity, suggest- 
ing that BMI-1 overexpression may contribute to human neoplasias 
that retain the wild-type INK4a/ARF Jocus (5). Interestingly, in our 
study, BMI-1 amplification and overexpression appeared in tumors 
with no alterations in pJS™*** and pJ4 ARr genes. However, we could 
not detect differences in the expression levels of pie 1 * 4 * 4 " in tumors 
with arid without BM1-J gene alterations. The reasons for this apparent 
discrepancy with experimental observations are not clear. One possi- 
bility may be that genes other than JNK4a/ARF are the main targets of 
BMI-1 repressor activity in these tumors. Particularly, different genes 
of the HOX family are regulated by BMI-1 and may also be involved 
m lymphomagenesis (19, 20). \ 

In conclusion, the findings of this study indicate that BMJ-I gene 
expression is differentially regulated in B cell lymphomas. Alterations 
of the gene seem to be an uncommon phenomenon in human neo- 
plasms, but they may contribute to the pathogenesis in a subset of 
MCLs. Although, BMI-J gene alterations occurred in rumors with 
wild-type JNK4a/ARF locus, the possible cooperation between these 
genes and the oncogenic mechanisms of BMI-1 in human neoplasms 
require additional analysis. 
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Matrix metaUoproteinase- 1 (MMP-1) and tissue matrix metaUoproteinase inhibitor 1 
(TIMP-1) play an important role in remodeling the extracellular matrix in normal and 
pathological processes. The effect of phorbol-myristate acetate (PMA), interleukin-1 (IL- 
1), arid tumor necrosis factor-alpha (TNF-alpha) on MMP-1 and TIMP-1 expression was 
studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 
1736 thyroid carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA 
(mRNA) levels were monitored by competitive semiquantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) after 24 hours. Culture supernatants were assayed 
for free and/or complexed MMP-1 and TIMP- 1 after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems (detection limit: <2 ng/mL). MMP-1 and TIMP-1 
mRNA were present in all cell types, although thyrocytes showed MMP-1 mRNA levels 
near the detection limit. 8505 C expressed MMP-1 mRNA levels of up to 10(6) times 
those of the other cells analyzed. PMA and IL-1 increased MMP-1 mRNA in most cell 
types. TIMP-1 mRNA increased after treatment with PMA in all cells except 8505 C, 
whereas only slight effects were shown after IL-1 stimulation. MMP-1 protein was 
undetectable in normal thyrocyte cultures, but was secreted spontaneously by all cell 
lines ([ng/mL]; C 643: 15+/-7; HTh 74: 81+/-1; SW 1736: 13+/-2; 8505 C: 2097+/-320). 
There was a strong correlation between levels of MMP-1 mRN A and protein (r = 0.99, p 
< .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. 
Fibroblasts ([ng/mL] 517+/-55) and the cell lines (C 643: 1 42+7-48; HTh 74: 1 15+M3; 
SW 1736: 202+/-14; 8505C: 120+/-19) secreted TIMP-1 in unstimulated cultures, 
whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TIMP-I secretion after 48 hours in SW 1 736, HTh 74, and C 
643 cells. Our data suggest that in contrast to normal thyrocytes, dedifferentiated thyroid 
carcinoma cell lines are potential producers of MMP-1 as well as TIMP-1 . High MMP-1 
or MMP-l/TIMP-1 expression may play a role in tissue invasion of undifferentiated 
thyroid cancer cells. 
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ABSTRACT 

Matrix metalloproteinase- 1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 (TIMP-1) play an impor- 
tant role in remodeling the extracellular matrix in normal and pathological processes. The effect of phorbol-myris- 
tate acetate (PMA), interleuktn-1 (IL-1), and tumor necrosis factor- a (TNF-ar) on MMP-1 and TIMP-1 expres- 
sion was studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 1736 thyroid 
carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA (mRNA) levels wert monitored by 
competitive semiquantitative reverse transcriptase polymerase chain reaction (RT-PCR) after 24 hours. Culture 
supernatants were assayed for free and/or complexed MMP-1 and TIMP-1 after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems-{detection limit: <2 ng/mL). MMP-1 and TIMP-1 mRNA were present in 
all cell types, although thyrocytes showed MMP-1 mRNA levels near the detection limit. 8505 C expressed MMP- 
1 mRNA levels of up to 10 6 times those of the other cells analyzed. PMA and IL-1 increased MMP-1 mRNA in 
most cell types. TIMP-1 mRNA increased after treatment with PMA in all cells except 8505 C, whereas only 
slight effects were shown after BL-1 stimulation. MMP-1 protein was undetectable in normal thyrocyte cultures, 
but was secreted spontaneously by all cell lines ([ng/mL]; C 643: 15 ± 7; HTh 74: 81 ± 1; SW 1736: 13 ± 2; 
8505C; 2097 ± 320). There was a strong correlation between levels of MMP-1 mRNA and protein (r= 0.99, 
p < .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. Fibroblasts ([ng/mL] 517 ± 
55) and the cell lines (C 643: 142 ± 48; HTh 74: 115 ± 13; SW 1736: 202 ± 14; 8505 C: 120 ± 19) secreted 
TIMP-1 in unstimulated cultures, whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulatcd TIMP-1 secretion after 48 hours in SW 1736, HTh 74, and C 643 celb- Our data 
suggest that in contrast to normal thyrocytes, dedifferentiated thyroid carcinoma cell lines are potential produc- 
ers of MMP-1 as well as TIMP-1. High MMP-1 or MMP-1 /TIMP-1 expression may play a role in tissue inva- 
sion of undifferentiated thyroid cancer cells. 



suppressed on external stimulation, ie, with cytokines, 
phorbol 12-myristate 13-acetate (PMA), lipopolysaccaride 
(LPS), or rctinoic acid (2,3). After secretion at post-tran- 
scriptional level, latent MMP proenzymes are regulated by 
proteolytic activation and interaction with tissue inhibitors 
of matrix metalloproteinase (TlMPs), their specific in- 
hibitors. Any imbalance between the proteolytic MMPs ac- 
tivities and the TTMPs that could be influenced and caused 
by cytokines could potentially lead to pathological condi- 
tions (4). 

MMP-1, although known as an interstitial collagenase, 
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INTRODUCTION 

MATRIX METALLOPROTEJNASES, (MMPs) constitute a 
family of structurally related proteolytic enzymes re- 
sponsible for the proteolytic degradation of extracellular 
matrix (ECM) components. They are important partici- 
pants in normal tissue remodeling and contribute to the 
phenorype of several pathological conditions that are asv 
sociated with progressive ECM degradation. MMPs are 
highly regulated at different levels (1). At the transcrip- 
tional level, MMP expression can be directly induced or 
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is the only enzyme active at neutral pH that can degrade 
extracellular fibers comprised of collagen types 1, II, and 
1IL With this initial step, MMP-1 provides, the cleavage 
products to other collagenase types (5). The major specific 
inhibitor of MMP-1 is TIMP-1, a 28.5-kd glycoprotein, 
which forms 1:1 stoichiometric complexes with the pro- 
tease (6). Cytokines and growth factors have been shown 
to regulate the expression of both MMP-1 and TIMP-1 
d>7,8). 

Although the participation of MMP-1 as the initial col- 
lagenase in tissue breakdown during tumor development is 
well documented (9-11), only one study has described the 
expression (12) but no study has as yet investigated the reg- 
ulation of this enzyme in different thyroid tumors. Few stud- 
ies have been published investigating the role of other 
MMPs in normal and pathological thyroid tissue by in situ 
hybridization and immunohistochemistry (13-16). Fur- 
thermore, tissue remodeling includes both the action of 
MMPs and their inhibitors; thus, these enzymes could be 
involved in autoimmune and other nonautoimmune thyroid 
diseases during morphological changes (17,18). It is still un- 
known whether or not thyrocytes are able to express MMPs 
and TIMPs. Although type IV collagenases (MMP-2 and 
MMP-9) were detected in, various human epithelial cells of 
different tissue origin (19,20), only one study described the 
secretion of MMP-1 by epithelial cells (21). 

Highly purified normal thyrocytes and four thyroid car- 
cinoma cell lines were included in this study to investigate 
the involvement of these cells in MMP-1 and TIMP-1 pro- 
duction during thyroid tissue remodeling processes and in 
malignant thyroid neoplasms. MMP-1 and TIMP-1 ex- 
pression were studied at both the mRNA and protein level 
by semiquantitative RT-PCR and ELISA measurement, re- 
spectively. 

In unstimulated carcinoma cell lines both MMP-1 and 
TIMP-1 mRNA were expressed, partly at a high level, fol- 
lowed by the spontaneous secretion of the proteins. The 
various conditions/for the stimulation of the different cell 
lines by cytokines and PMA were defined. In contrast to 
the cell lines, normal thyrocytes did not secrete MMP-1 
and only trace amount of TIMP-1, even after stimulation 
with PMA. 



MATERIALS AND METHODS 

Preparation of tissues, thyroid-derived cells, and 
cell lines 

Thyrocytes were prepared from surgical thyroid speci- 
mens from 3 patients (1 Graves* disease, 2 nontoxic goi- 
ter; mean age 54.3 i 5.0 years). Fibroblasts were separated 
from thyroid tissue of 5 other patients (3 Graves' disease, 
2 nontoxic goiter; mean age 43.6 ± 6.4 years). Graves* dis- 
ease and nontoxic goiter were diagnosed on the strength 
of clinical, biochemical, and immunologic features as well 
as thyroid scintiscans. 

Thyroid tissue was trimmed of fat and connective tissue 
immediately after surgery. Thyroidrderived cells were en- 
riched after gradual enzymatic digestion of tissue and cul- 
tured over a period of 16 hours as described. Thyrocytes 
were obtained from the adherent fraction by incubating 



the cell monolayer with phosphate buffered saline (PBS) 
without Ca 2 "/Mg 2+ for 45 minutes (22). Residual fibro- 
blasts were removed after subsequent incubation of the 
cells with the fibroblast-specific mab FibASOl (22) and 
goat anti-mouse IgG-DYNABEADS® M450 (DYNAL, 
Hamburg, Germany) according to the manufacturer's pro- 
tocol. 

Thyroid-derived fibroblasts were obtained after culturing 
small pieces of thyroid tissue in Dulbeccos's Modified Ea- 
gle's Medium (DMEM) with 10% fetal calf serum (FCS) 
and harvested in the 5th to 7th passage. The purity of the 
thyrocytes and fibroblasts was determined by using indirect 
immunofluorescence technique on a FACS-Scan (Becton 
Dickinson GmbH, Heidelberg, Germany) as described (22). 

The following human anaplastic thyroid carcinoma cell 
lines were cultured in DMEM with 10% FCS: C 643 (23); 
SW 1736 (23); and HTh 74 (24). The cell line 8505 C (25) 
was purchased from the German Collection of Microor- 
ganisms and Animal Cell Cultures (DSM ACC219). Tbis 
cell line was established from a primary thyroid tumor 
characterized histologically as a undifferentiated carcinoma 
that was partially composed of poorly differentiated pap- 
illary cells (25). This is a feature of a subgroup of anaplas- 
tic carcinoma (26). The majority of these coexistent better 
differentiated carcinoma foci in anaplastic carcinoma were 
papillary (26). 

In vitro cultures 

Using 24- well plates, 1 X 10 5 cells were cultured for 24 
hours. The medium was aspirated and replaced with 500 
fiL OPTI-MEM (GIBCO BRL, Grand Island, NY) without 
FCS to eliminate possible stimulation of MMP-1 and 
TIMP-1 production by FCS. The medium contained the 
desired concentration of human IL-lor (10 U/ml; Pepro 
Tech EC Ltd., London, UK), TNF-a (100 U/mL; Pepro 
Tech EC Ltd.), interferon-y (IFN-y) (500 U/mL; Pepro 
Tech EC Ltd.), or 10 ng/mL PMA (SIGMA). 

Triplicate culrures of each stimulator were analyzed af- 
ter 3, 6, and 24 hours at the mRNA and after 24 and 48 
hours at the protein level. The supernatants were removed 
and stored at - 80°C for further use r First, .a collagenolyric 
assay based on the digestion of type I collagen was per- 
formed. This method showed direct evidence of free pro- 
MMP-1 enzyme in the cell culture supernatants of un- 
stimulated and IL-lor stimulated 8505 C, HTh 74, and 
C634 cells (data not shown). However, the method does 
hot allow quantitation of MMP-1 enzyme activity. Thus, 
the cell culture supernatants were assayed for MMP-1, 
TIMP-1, and MMP1/TIMP-1 complex by ELISA (Amer- 
sham Life Sciences, Braunschweig, Germany). The MMP- 
1 assay (sensitivity: 1.7 ng/mL) detected only total human 
MMP-1, ie, free MMP-1 and MMP-1 complexed with in- 
hibitors such as TIMP-1. It did not detect MMP-1 bound 
by the nonspecific protease inhibitor a2-macro$)ob\3lin- 
The MMP-l/flMP-1 assay (sensitivity: 1.5 ng/mL) de- 
tected MMP- IjTIMP-I complex, ie, activated MMP-1 that 
has been subsequently complexed with the specific MMP- 
1 inhibitor TIMP-1. It did not detect free active MMP-1, 
free TIMP-1, or pro-MMP-1. There was no cross-reactiv- 
ity with active MMP-1 bound by the nonspecific protease 
inhibitor a r macroglobulin. The TIMP-1 assay (sensitivity: 
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1.25 ng/mL) detected total human TIMP-1, ie, free TIMP- 
1 and that complexed with MMPs. The assay did fully 
cross-react with TIMP-1 in complexes with other MMP. 
It did not cross- react with TIMP-2. 

RNA extraction and cDNA synthesis 

For gene expression studies, 5 mL RNAzoIJ* B (Biotex 
Laboratories Inc., Houston, TX) was added to the cell cul- 
ture wells. The content of three wells of any cell 1 type was 
pooled and then stored frozen for further mRNA analysis 
in liquid nitrogen. Total cellular RNA (cDNA) was iso- 
lated from the probes according to the manufacturer's pro- 
tocol. RNA was fractionated on a denaturing 1 .0% agarose 
gel and stained with ethidium bromide to confirm that 
spectrophotometric measurements were accurate and that 
the RNA had not been degraded. Five micrograms total 
RNA was reverse-transcribed to cDNA using the First- 
strand cDNA synthesis kit of Pharmacia (Uppsala, Swe- 
den) in a total reaction volume of 15 uL. . 

mRNA analysis by competitive RT-PCR 

To correct for variations across different cDNA prepa- 
rations, all samples were first adjusted to contain equal in- 
put glyceraldcryde-3-phosphate dehydrogenase (GAPDH) 
cDNA concentrations. Semi-quantitative GAPDH RT-PCR 
was used with a heterologeous synthetic competitor frag- 
ment. The generation of the specific PCR products from 
the competitor and the cDNA with the GAPDH primers 
were published earlier (2^27). 

We then estimated the MMP-1 and TTMP^l cDNA in 
these adjusted samples. The primers were selected using the 
DNAsis computer program (Hitachi Software Engineering 
Co, Yokohama, Japan). The primer pairs span one or more 
introns to allow unambiguous discrimination between 
cDNA and unwelcome contaminating genomic DNA. In 
quantitating MMP-1 and TIMP-1 cDNA, a rapid one-step 
method was introduced to synthesize an internal horriolo- 
gcous competitor (plan diagram of procedure: Eg. 1, ex- 
emplary for MMP-1 [28]. A hybrid primer was synthesized 
(MMP-lhy) that consisted of two segments (segi, seg2). It 



MMPIf 



PCR 



MMPlhy^ MMPlr 
I 82 bp 



478 bp 



MMPt internal homologeous competitor 



FIG. 1. General scheme, for generating homologous com- 
petitors used for quantitative PCR. 



had a length of .40 nucleotides, in which 20 nucleotides (segi) 
at the 3' end corresponded to the opposite strand of the tar- 
get sequence a predetermined distance from primer MMP- 
If* and 20 nucleotides at the 5' end (seg2 = MMPlr) that 
corresponded to the target sequence upstream from the seg- 
. ment segi. Amplification with the primers MMP- If and 
MMP-lhy from the cDNA resulted in a 478-base pair (bp) 
(polymerase chain reaction (PCR) product. It was freed from 
excess primers and deoxynudeoside-triphosphates (dNTPs) 
using the Qiaquick Gel Extraction Kit {Qiagen GmbH, 
Hilden, Germany) and quantified. A known number of 
copies of the competitor was introduced in the GAPDH-ad- 
justed samples and amplified with me primers MMP- If and 
MMP-lr. With this approach, two products were generated, 
one derived from the cDNA (560 bp) and another, 82 bp 
smaller in size derived from the internal competitor (Fig. 1). 
PCR products were resolved by gel electrophoresis (1.5% 
agarose gel). The relative amounts of sample cDNA and 
competitor were quantified by measuring the intensity of 
ethidium fluorescence with a CCD image sensor and ana- 
lyzing the data with the EASY program (Herolab, Wiesloch, 
Germany). The initial amounts of sample cDN A and com- 
petitor were assumed to be equal in those reactions where 
the ratio of the two products was judged to' be equal. This 
was expressed in arbitrary units (AU) (22,29). One AU was 
defined as the lowest concentration of competitor yielding 
a detectable amplification product when added to PCR 
alone. For example, if equivalence between sample cDNA 
and competitor was reached using a 100- fold concentrated 
competitor the relative sample cDNA concentration was 100 
AU. Thyrocytes and the cell lines were analyzed for the ex- 
pression of thyroid-specific and cytokine receptor mRNAs 
in a simple RT-PCR. The sequences of the TPO and cy- 
tokine receptor primer pairs have been published by Wat- 
son et al. (30) and Tada et al. (31) and gave the following 
product sizes: TPO: 506 bp; IL-1R type I (p80):300 bp; IL- 
1R type D (p68): 392 bp; TNF-aR (p75): 324 bp; TNF-aR 
(p55): 587 bp and IFN-yR: 899 bp. The myroglobuhn (Tg) 
and thyroid stimulating hormone receptor (TSH-R) primer 
pairs were selected according to the published sequences us- 
ing the DNAsis program (Table 1 ). 

Each 25-u.L amplification reaction contained 2~5 /xL 
10 X concentrated PCR buffer (15 mM MgCh, Bc^hringer 
Mannheim, Germany), 0.3 U Taq DNA polymerase 
(Boehringer Mannheim, Germany), 100 fxM dNTPs 
(Perkin Elmer, Weiterstadt, Germany), 0.1 j*M of each 
primer (1MB, Jena, Germany), and 1 /iL cDNA and com- 
petitor in adjusted dilution. Furthermore, restriction map- 
ping (restriction enzymes: Boehringer Mannheim GmbH, 
Germany) was carried out to confirm the originality of the 
PCR product (Fig. 1, Table 1). 

Statistics 

Protein. levels of thyrocyte or fibroblast cultures from the 
different patients and of the thyroid carcinoma cell lines ob- 
tained from three separate experiments were presented as 
mean ± SEM values. Statistical comparisons between un- 
stimulated and stimulated cell cultures were performed by 
the alternate (Welch) r-test. The correlation between basal 
mRNA levels and the unstimulated protein secretion in all 
cell types was calculated according to the Spearman method. 
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Table I . Primers, Length of Amplified Templates, Restriction Mapping and Assay Condttions for RT-PCR 



Primer 



y- 



Lengxhof Length of Annealing . Number of 
-3' cDNA (bp) competitor (bp) temperature cycles 



Tg 


forward 


GCAGATCTTACTGAGTGGCT 


416 




60 


35 


reverse 


TGTCAGCACACjTGGCAATAC 










TSH-R 


forward 


ACITGCTGCAGCrc<3TGCT 


354 




65 


35 


exons 1-4 


reverse 


TGAGGGCATCAGGGTCTATG 










TSH-R 


forward 


GAAATTCGGAATACCAGG AACTTA ACT 


896 




; : 53 


35 


exons 4-10 


reverse 


AACTCATCGGACTTXKJGGGTACA 










MMP-1 


forward . 
reverse i 
hybrid 


TGGGAGCAAAGACATCTGAC 
AtCACTTCTCCGCGAATCGT 
ATCACTTCTCCCCGAATCGT 
CCATATATGGGTTGGATGCC 


560 


478 


64 


33 


TLMP-1 


forward 
reverse 
hybrid 


CTTAGGGGATGCCGCTGACA 
GGCAGGCAGGCAAGGTGACG 
GGCAGGCAGGCAAGGTGACG 
GGATGGATAAACAGGGAAAC 


351 


.274. 




30 



Tg indicates thyrogtbbuline; TSH-R, thyroid stimulating . hormone receptor; MMP-1 „ matrix metal Ioproteinast-1: TIMP-1, tissue inhibitor of 
metallcpToteinase-l; bp, base pair. 



RESULTS 

Thyroid specific and cytokine receptor ■ ' 
mRNA expression 

Isolated thyrocytes as. well as 8505 C cells expressed Tg 
arid thyroperoxidase (TPO) mRNA, whereas transcripts of 
the TSH-R (exons 1-4, 354 bp, exons 4-10, 896 bp) were 
present only in the thyrocytes. The three anaplastic thy- 
roid carcinoma cell lines SW 1736* C 634, and HTh 74 
were completely negative for the Tg, TPO, and TSH-R mR- 
NAs (Fig. 2). All cell lines and thyrocytes expressed IL-1R 
(type I and type II), TNF-aR (p75 and p55) and IFN-?R 
mRNA (Fig. 2). 

Basal MMP-1 and TIMP-1 mRNA and 
protein expression 

In most stimulation experiments, mRNA levels did not 
increase until 24 hours of incubation. The 24-hour mRNA 
levels arc shown in Figures 3 and 4. The 3- and 6-hour 
levels are demonstrated in those experiments where the 
mRNA levels reached their peak before 24 hours of stim- 
ulation. If not otherwise indicated, the MMP-1 levels were 
measured using the EL1SA system, which recognizes 
free/complexed MMP-1. 

MMP-1 and TIMP-1 mRNA were found during un- 
stimulated culture in all investigated cell types, although 
the mRNA levels varied over a great range; 8505 C showed 
a basal MMP-1 mRNA level 20 times as high as those of 
the HTh 74 cells, 6 X 10 4 times as high as C 643, and 2 X 
10 6 times as high as SW 1736 cells. In thyrocytes, MMP- 
1 mRNA levels were found near the detection limit (Figs. 
3 and 4). 

Generally, when analyzing the noted cell types, the mea- 
sured basal MMP-1 or TIMP-1 mRNA levels correlated 
well with the basal protein expression (MMP-1: r = 0.99, 
P < .0001; TIMP-1: r = 0.98,p < .002). Corresponding to 
the high MMP-1 mRNA level, 8505 C cells secreted ex- 
tremely high levels of MMP-1. No MMP-1 or TIMP-] was 



detected in unstimulated 'thyrocyte cultures, at any rime- 
point examined. All other cell types showed a spontaneous 
MMP-1 and TIMP-1 secretion (Figs. 5 and 6). Thyroid- 
derived fibroblasts produced basal TIMP-1 levels of up to 
4 times higher in the four carcinoma cell lines, which se- 
creted nearly the same amounts of basal TLMP-1 protein.- 
Nevertheless, TIMP-1 secretion of fibroblasts was found 
at lower levels than expected after TLMP-1 mRNA mea- 
- surement in 4 of 5 analyzed patients. The results of the fi- 
broblast cultures from patient five showing a higher TIMP- 
1 expression than those from the 4 other patients (basal 
24 hour: 50 ± 2; PMA 24 hour:. 90 ± 6 ngfmL TLMP-1) 
was omitted in Figure 6. 

Comparing the basal amount of free/complexed and 
TIMP-1 complexed MMP-1 after 24 hours of stimulation, 
a significant level of MMP-1 was not complexed with 
TLMP-1 in 8505 C cultures, whereas in fibroblast cultures 
most of the MMP-1 activity was inhibited by TIMP-1. The 
anaplastic carcinoma cell line HTh 74 did not show such 
a great discrepancy between free/complexed and TLMP-1 
complexed MMP-1 level as 8505 C cells (Fig. 7). 

Effects oflL-la on MMP-1 and TIMP-1 mRNA and 
protein expression 

-C- 

Experiments were performed to determine whether hu- 
man thyroid epithelial cells and thyroid carcinoma cell lines 
could produce or increase basal MMP-1 and TIMP-1 se- 
cretion after exposure to various stimuli. The results from 
these stimulation experiments are summarized in Figures 
3 through 5. Generally, there was a delay in protein se- 
cretion level in comparison to the mRNA expression leveL 
At the protein level, the cytokine-mediated stimulating or 
inhibiting effect is more distinct after 48 hours compared 
with 24 hours, even when the mRNA level had already de- 
creased after 6 hours. 

1L-1 upregulated MMP-1 mRNA in SW 1736-cells up 
to 100 times and, in thyroid-derived fibroblasts, up to 12 
times after 24 hours of incubation (Fig. 3). This increased 
mRNA level was accompanied by a significandy enhanced 
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TPO 

TSH-R 
Exon 1-4 

11-1 -R1 
11-1 -R2 
IFN-7R 
P75TNFR 
p55TNFR 



FIG, 2. Amplification of thyroid specific and interleukin-receptor mRNA in thyrocytes (1), SW 1736 (2), C 643 (3), HTh 
74 (4) and 8505 C (5) cells using RTrPCR; M r = lOOrbp ladder (GIBCO). 



MMP-1 secretion after 48 hours. Furthermore, IL-la in- 
creased MMP-1 mRNA expression in thyrocytes up to 
seven times after 6 hours, but no MMP-1 protein could be 
detected in thyrocyte cultures. IL-1 had no stimulatory ef- 
fect on MMP-1 mRNA expression in C 643 , HTh 74, and 
8505 C cells after 24 hours, although a significant increase 
of MMP-1 secretion was found in HTh-74 and SW 1736 
cells after 48 hours of incubation (Fig, 5). This discrepancy 
may be explained by a possible increase in MMP-1 mRNA 
level after 24 hours of stimulation.>The same effect could 
also be observed in the IL-1 stimulated TIMP-1 at the 
mRNA as well as the protein level: the only slight effect 
of IL-1 on TIMP-1 mRNA expression in carcinoma cell 
lines after 24 hours was accompanied by a significant in; 
creasy of TIMP-1 secretion in 8505 C and HTh 74 cells 
after 48 hours (Figs. 4 and 6). 

Effects ofTNF-a on both MMP-1/T1MP-1 mRNA 
and protein expression 

In contrast to IL-1, TNF-a did not stimulate the MMP* 
1 and TIMP-1 mRNA and protein levels in all carcinoma 
cell lines and t_hyrocytes. Only thyroid-derived fibroblasts 
responded with a slight upregulation of MMP-1 and TIMP- 
1 mRNA expression after TNF-a stimulation, which was 
not accompanied by an increase of MMP-1 and TIMP-1 
secretion. ' . 



Effects of PMA y and IEN-y on MMP-1 and TIMP-1 
mRNA and protein expression 

■ PMA was included in our study as a positive control 
because it is known to upregulate or induce both MMP* 
1 and TIMP-1 secretion in various cell types (1*32). In- 
deed, PMA was able to induce or enhance MMP-1 
mRNA levels in all cell types investigated, although the 
detected levels varied to a large extent (Fig. 3). This re- 
sult is in good correlation with the significantly increased 
MMP-1 protein levels that were already detectable after 
24 hours of stimulation (Fig. 5). PMA upregulated TIMP- 

1 mRNA levels by up to 20 times in C 643, and up to 

2 times in SW 1736 and HTh 74 ceils/ fibroblasts and 
thyrocytes, but it did not change the TIMP-1 mRNA con- 
tent in 8505 cells {Fig. 4). At the protein level, we found 
a significant stimulation of TIMP-1 secretion in C 643 
and HTh 74 cells, as well as in thyroid-derived fibrob- 
lasts (Fig. 6). 

In contrast to PMA, IFN-y was without effect on stim- 
ulation or downregulation of MMP-1 and TIMP-1 mRNA 
or protein in anv of the cell types investigated (Figs 5 and 
6). - . 

The main inhibitor of MMP-1 is TIMP-1, which forms 
1:1 stoichiometric complexes with MMP-1, although some 
other inhibitors can also bind MMP-1. On the other hand, 
TIMP-1 can bind other MMP types. 
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FIG. 3. Representative samples of competitive amplified MMP-1 mRNA of thyrocytes, thyroid-derived fibroblasts and thy- 
roid carcinoma cell lines without stimulation (control) and after stimulation with 10 U/mL IL-la and 100 U/mL TNF-cr and 
10 ng/mL PMA after 24 hours. Serial dilutions of known amounts of the competitor fragment were coamplified with identi- 
cal aliquots of cDNA. The 560-bp (cDNA) and 478-bp (competitor) PCR products were visualized by agarose gel electrophoresis 
and ethidiumbromide staining. The relative concentration of the added competitor was given in arbitrary units (AU) in the 
figure. One AU was defined as the lowest concentration of the competitor yielding a detectable amplification for MMP-1 
mRNA. The ratio of competitor to cDNA fragments was determined by measuring the intensity of ethidium fluorescence with 
a CCD image sensor and analysis of data. Measured cDNA concentration can expressed in AU. 
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DISCUSSION 

Our findings demonstrate for the first time that thyroid 
carcinoma cell lines are able to express MMP-1 and T1MP- 
1 mRNA and protein at significant levels in vitro. The ob- 
servation of spontaneous release of MMP-1 and TIMP-1 
corresponds well with earlier studies covering the secretion 
of these proteins by several carcinoma cell lines (33,34). 

However, in contrast to its clear physiological function 
in extracellular matrix breakdown, the role of MMP-1 in 
tumor growth and metastases is still controversial 
(9-11,35). Recently, Murray et al. (10) demonstrated that 
MMP-1 is associated with poor prognosis in colorectal can- 
cer, and has a prognostic value independent of the Dukes 
stage. Therefore, MMP-1 could be a target for therapeu- 
tic intervention in such tumors. Furthermore, the hypoth- 
esis of whether or not cancer cells themselves are able to 



produce MMP, or whether cancer cells stimulate the sur- 
rounding stromal cells to secrete MMP in vivo y is disputed. 
MMP-1 mRNA and protein were detected by both in situ 
hybridization and immunohistochemistry in stromal as 
well as tumor cells of head, neck, gastric, colorectal, and 
mammary carcinomas (9,10,36,37). In contrast, 
Kameyama (12) demonstrated by in situ hybridization that 
the MMP-1 mRNA was not expressed in the cancer cells 
but in the surrounding fibrous capsules of strongly differ- 
entiated papillary thyroid carcinoma tissue. Highly differ- 
entiated follicular carcinomas and follicular adenomas 
were depleted for MMP-1 transcripts. Undifferentiated fol- 
liculary, papillary, and aggressive anaplastic carcinomas 
that showed poor prognosis and strong tumor invasive and 
metastatic potential and that can be compared in their 
morphological, genetic and growth features with undiffer- 
entiated thvroid carcinoma cell lines were nor included this 
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study. However, the missing expression of MMP-1 by nor- 
mal thyrocytes and the spontaneous secretion of this pro- 
tein by highly malignant thyroid carcinoma cell lines, as 
demonstrated in our study, indicate the involvement of 
MMP-1 secretion of transformed thyrocytes in aggressive 
thyroid tumors. 

Although all cell lines analyzed in our study sponta- 
neously secreted MMP-1, we observed marked differences 
in the basal secretion capacity. The highest MMP-1 levels 
were determined in cultures of 8505 C cells. Only 8505 C 
cells expressed TPO and Tg mRNA that may be put down 
to residual differentiated components in the cell line (see 
Materials). However, none of the analyzed cell lines ex- 
pressed TSH-R mRNA. The cell population doubling times 
were less than 40 hours. All cell lines had accumulations 
of multiple genetic events. These facts indicate the undif- 
ferentiated pathology of the studied lines. It is well known 
that anaplastic carcinoma cell lines well retain the malig- 
nant characteritics of their parental tumors (38-40). 

Furthermore,, we found a distorted proportion berween 
MMP-1 and TIMP-1 mRNA/prorein for carcinoma cell 
lines but not for normal thyroid-derived fibroblasts. The 
most disadvantageous constellation berween MMP-1 and 
TIMP-1 was found in 8505 C cells. Similar ro other stud- 
ies (41), these results suggest the influence of an altered 
MMP/T1MP relation on tumor progression. However, it 



should be mentioned that most studies, including the pre- 
sent one, do not take into consideration that a number of 
inhibitors distinct from TIMP-1 may regulate MMP-1 ac- 
tivity. Taking into account that the balance of active en- 
zyme and TIMP-1 concentration strongly influence the ex- 
tent of local matrix degradation, a number of studies 
showed unexpectedly high levels of TIMP-1 in malignant 
neoplasms (9,42,43). There is a great discussion as to 
whether the overall expression of MMP-1 and TIMP-1 or 
the amount of noncomplexed MMP-1 could be critical in 
aggressive tumor development. This fact underlines the na- 
ture of tissue breakdown, reflecting the complicated net- 
work of selective and coordinated production of individ- 
ual proteinases and inhibitors under normal and 
pathophysiological conditions. Thus, the invasive and 
metastatic potential of thyroid tumors depends on the lo- 
cal net level of active MMPs. 

The synthesis of MMP-1 and TIMP-1 is influenced by a 
variety of biochemical stimuli. The recent findings on 
MMP-1 and TIMP-1 gene promoters are useful in under- 
standing the complex mechanisms implied in the regula- 
tion of MMP synthesis modulated by cytokines an,d tumor 
promoters (34*44,45). The promoter regions contain ru- 
mor, promoter responsive elements (TRE) and binding mo- 
tifs for the transcription factor PEA -3, which are recog- 
nized by proto-oncogenic transcription factors^ such as the 
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FIG. 7. Comparison between (i) free/complex and (ii) T1MP- 
1 complexed MMP-1 levels, and (iii) TIMP-1 levels in super- 
natant* of unstimulated 8505 C and HTh 74 cells, and thy- 
roid-derived fibroblasts after 24 hours using a (i) MMP-1 
EUSA that recognizes total MMP-1 (see Figure 5). The (ii) 
MMP-l/TIMP-1 assay recognizes MMP-l/TIMP-1 complexes, 
ie, activated MMP-1 that has subsequently been complexed 
with the specific MMP inhibitor TIMP-1. The (iii) TIMP-1 
EUSA recognizes total TIMP-1, ie, free TIMP-1 and that com- 
plexed with MMPs. 



fos and fun family (45-47). IL-1, TNF-cr, and PMA up- 
regulate proto-oncogenes like fos and jun, resulting in the 
stimulation of MMP-1 and TIMP-1 (45,48). The action of 
the cytokines is mediated by their specific receptors. In our 
study, 1L-1R (type I and type H), TNF-aR (p75 and p55) 
and IFN-yR mRNAs were demonstrated in all investigated 
cell types. PMA and IL-1 were shown to elevate MMP-1 
and 1TMP-1 in nearly all cell types investigated, thus con- 
firming the results of several studies on other epithelial cells 
(reviewed in refs. 1,7,49). In the majority of experiments, 
we found a concordant expression of MMP-1 and T1MP- 
1 after stimulation, possibly achieved by the coordinated 
actions of the nuclear transcription factors, although MMP- 
1 and TIMP-1 expression can also be independently or even 
reciprocally regulated (1). The effect of TNF-a was not as 
distinct as in the case of PMA and IL-1, although several 
investigators found a pronounced effect of TNF-a particu- 
larly on TIMP-1 secretion (4,34). In contrast to studies per- 
formed with other cell types (863,864,819), IFN-ydid not 
influence MMP-1 and TIMP-1 expression in thyroid carci- 
noma cell lines. In summary, the involvement of the in- 
trathyroidal physiological and pathological cytokine mi- 
croenvironment in the regulation of MMP-1 and TIMP-1 
induction activation and inhibition is strongly suggested.- 
Furthermore, the data demonstrate that regular human 
thyrocytes did not produce MMP-1, even after powerful 
stimulation with PMA. Investigating other mammalian ep- 
ithelial cells, only one study revealed the production of 
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MMP-1 by rabbit corneal cells (21). It is yet not clear 
whether the MMP-1 mRNA detected in thyrocytes is due 
to a low level of constitutive transcription of the MMP-1 
gene (illegitimate transcription), an existing pool of stable 
MMP-1 mRNA, or in vitro induction of MMP-1 mRNA. 
But it seems more likely that residual fibroblasts contained 
in the purified thyrocyte preparation (<0.2%) are respon- 
sible for the slightly positive RT-PCR results. Another ex- 
planation could be that thyrocytes are indeed MMP-1 pro- 
ducers, but the EliSA detection system used was not 
sensitive enough to measure extremely low MMP-1 secre- 
tion levels. Furthermore, the discrepancy between elevated 
TIMP-1 mRNA levels of thyrocytes and the extremely low 
TIMP-1 protein secretion by these cells is difficult to ex- 
plain. Post-transcriprionai regulatory events may be re-, 
sponsible for this confounding result. 

Taken together, the present study suggests that the in- 
tra thyroidal cytokine microenvironment is involved in the 
regulation of MMP-1 and its inhibitor TIMP-1 in the thy- 
roid, and that both proteins may be secreted by dediffer- 
entiated thyroid carcinoma cells and involved in aggressive 
thyroid tumors in vivo. 
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Expression of embryonic fibronectin isoform EIIIA parallels alpha-smooth 
^ muscle actin in maturing and diseased kidney. 

Barnes VL , Musa J, Mitchell RJ Barnes JL. 

Department of Medicine, Division of Nephrology, University of Texas Health Science 
Center, San Antonio, Texas, USA. 

In this study we examined if an association exists between expression of an alternatively 
spliced "embryonic" fibronectin Isoform EIIIA (Fn-EIIIA) and alpha-smooth muscle 
actin (alpha-SMA) in the maturing and adult rat kidney and in two unrelated models of 
glomerular disease, passive accelerated anti-glomerular basement membrane (GBM) 
nephritis and Habu venom (HV)-induced proliferative glomerulonephritis, using 
immunohistochemistry and in situ hybridization. Fn-EIIIA and alpha-SMA proteins were 
abundantly expressed in mesangium and in periglomerular and peritubular interstitium of 
20-day embryonic and 7-day (D-7) postnatal kidneys in regions of tubule and glomerular 
development. Staining was maricedly reduced in these structures in maturing juvenile (D- 
14) kidney and was largely lost in adult kidney/ Expression of Fn-EIIIA and alpha-SMA 
was reinitiated in the mesangium and the periglomerular and peritubular interstitium in 
both models and was also observed in glomerular crescents in anti-GBM nephritis. 
Increased expression of Fn-EIIIA mRNA by in situ hybridization corresponded to the 
localization of protein staining. Dual labeling experiments verified co-localization of Fn- 
EIIIA and alpha-SMA, showing a strong correlation of staining between location and 
staining intensity during kidney development, maturation, and disease. Expression of 
EIIIA mRNA corresponded to protein expression in developing and diseased kidneys and 
was lost in adult kidney. These studies show a recapitulation of the co-expression of Fn- 
EIIIA and alpha-SMA in anti-GBM disease and suggest a functional link for these two 
proteins. 
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Rapid quantitation of proinflammatory and chemoattractant cytokine 
expression in small tissue samples and monocyte-derived dendritic cells: 
validation of a new real-time RT-PCR technology, 

Blaschke V, Reich K, Blaschke S, Zipprich S, Neumann C . 

Department of Dermatology, von-SieboId-Str. 3, D-37075, Goettingen, Germany. 
vblasch@gwdgide 

The analysis of cytokine profiles plays a central part in the characterization of disease- 
related inflammatory pathways and the identification of functional properties of immune . 
cell subpopulations. Because tissue biopsy samples are too small to allow the detection of 
cytokine protein, the detection of mRNA by RT-PCR analysis is often used to investigate 
the cytokine milieu in inflammatory lesions. RT-PCR itself lis a qualitative method, 
indicating the presence or absence of specific transcripts. With the use of internal or 
external standards it may also serve as a quantitative method. The most widely accepted 
T method is quantitative competitive RT-PCR, based on internal shortened standards. 
Recently, online real-time PCR has been introduced (LightCycler), which allows 
quantitation in less than 30 min. Here, we have tested its use for the analysis of cytokine 
gene expression in different experimental in vitro and ex vivo settings. First, we 
compared quantitative competitive RT-PCR with real-time RT-PCR in the quantitation of 
transcription levels of the CD4(+) cell-specific chemoattractant Interleukin-16 during the 
maturation of monocyte-derived dendritic cells, and found a good correlation between 
both methods. Second, differences in the amounts of IL-16 mRNA in synovial tissue 
from patients with rheumatoid arthritis and osteoarthritis as assessed by real-time RT- 
PCR paralleled differences in the level of IL-16 protein in the synovial fluid. Finally, we 
employed real-time RT-PCR to study the cutaneous expression of several cytokines 
during experimental immunomodulatory therapy of psoriasis by Interleukin- 1 0, and 
demonstrate that the technique is suitable for pharmacogenomic monitoring. In summary, 
real-time RT-PCR is a sensitive and rapid tool for quantifying mRNA expression even 
with small quantities of tissue. The results obtained do not differ from those generated by . 
quantitative competitive RT-PCR. 

Publication Types: 

• Evaluation Studies 
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Butyrate-induced reversal of dexamethasone resistance in autonomous rat 
Nb2 lymphoma cells. 

Buckley AR . Krumenacker JS . Buckley DJ . Leff MA . Magnuson NS . Reed JC , 
MiyashitaT, de Jong G . Gout PW . 

Department of Pharmacology and Toxicology, University of North Dakota School of 
Medicine and Health Sciences, Grand Forks 58202-9037, USA. 
abuckley@maiLmed.und.nodak<edu 

The parental rat Nb2 lymphoma is a prolactin (PRL)-dependent T cell line. Exposure of a 
PRL-independent subline,. Nb2-SFJCD 1 , to sodium butyrate (NaBT) causes transient 
reversal of their growth factor-independent proliferation in association with constitutive 
expression of protooncogenes pim-1 and c-myc. In the present study, we investigated the 
effect of NaBT treatment on the sensitivity of Nb2-SFJCD1 cells to dexamethasone 
(DEX)-induced apoptosis. Pretreatment with NaBT (2 mM, 72 h) partially reversed 
resistance to apoptosis in Nb2-SFJCD I cells exposed to DEX ( 1 00 nM) for 1 2 h, 
assessed by flow cytometric analyses of DNA fragmentation. However, the cytolytic 
effect of DEX was abrogated by PRL in a time- and concentration-dependent manner. 
Evaluation of apoptosis-associated gene expression in NaBT-pre-treated cultures 
incubated with DEX or DEX+PRL indicated that the apoptosis resistance did not stem 
from altered bcl-2 or bax expression. However, there was a strong correlation between 
the resistance to DEX-activated apoptosis and their enhanced expression of pim-1 mRNA 
and protein. The results show that it is possible to reverse DEX-induced apoptosis of Nb2 
pre-T cells and suggest the pim-1 gene product has an important role as a suppressor of 
this process, perhaps functioning as a mediator of PRL action. 
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Characterization of cyciin D2 expression in human endometrium. 

Choi D, YoonS , Lee E , Hwang S , Song S, Kim J , Yoon BK, Lee JH , 

. Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, South Korea, dschoi@smc.samsung.co.kr 

OBJECTIVE: This study was undertaken to investigate cyciin D2 mRNA and protein 
expression in human endometrium during the menstrual cycle. METHODS: Endometrial 
samples wore obtained from 15 premenopausal nonpregnant women who had 
hysterectomies for benign gynecologic reasons. They were divided into the following five 
groups according to histologic dating: early proliferative (n = 3), mid to late proliferative 
(n = 3), early secretory (n = 3), mid secretory (n = 3), and late secretory (n = 3). Cyciin 
D2 mRNA and protein expression were analyzed using reverse transcriptase-polymerase 
chain reaction, Western blotting, and immunohistochemistry. RESULTS: Cyciin D2 
mRNA and protein were expressed in human endometrial tissue throughout the menstrual 
cycle. Cyciin D2 mRNA and protein expression of proliferative phase endometrium were 
significantly higher than those of secretory phase endometrium (P <.05). The staining 
intensity of cyciin D2 in proliferative phase endometrium was higher than that in 
secretory phase (P <05). Cyciin D2 mRNA level showed good correlation with cyciin 
D2 protein level (R = 0.579, P <.03), and cyciin D2 protein also showed good correlation 
with immunohistochemical staining intensity (R = 0.562, P <.03). CONCLUSION: 
Cyciin D2 was expressed in human endometrium throughout the menstrual cycle. Cyciin 
D2 mRNA and protein were expressed at high levels in proliferative phase endometrium, 
especially in the early proliferative phase, and then decreased in the secretory phase. 
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Downregulation of ENaC activity and expression by TNF-alpha in alveolar 
epithelial cells. 

Dagenais A, Frechette R, Yamagata Y . Yamagata T. CarmelJF . Clermont ME. 
Brochiero E , Masse C . Berthiaume Y . 

Centre de recherche, CHUM-Hotel-Dieu, 3850 St-Urbain, Montreal, Quebec, Canada 
H2W 1T7. andre.dagenais.chum@ssss.gouv.qc.ca 

Sodium absorption by an amiloride-sensitive channel is the main driving force of lung 
liquid clearance at birth and lung edema clearance in adulthood. In this study, we tested 
whether tumor necrosis factor-alpha (TNF-alpha), a proinflammatory cytokine involved 
in several lung pathologies, could modulate sodium absorption in cultured alveolar 
epithelial cells. We found that TNF-alpha decreased the expression of the alpha-, beta-, 
and gamma-subunits of epithelial sodium channel (ENaC) mRNA to 36, 43, and'l6% of 
the controls after 24-h treatment and reduced to 50% the amount of alpha-ENaC protein 
in these cells. There was no impact, however, on alpha(l) and beta(l) Na(+)-K(+)- 
ATPase mRNA expression. Amiloride-sensitive current and ouabain-sensitive Rb(+) 
uptake were reduced, respectively, to 28 and 39% of the controls. A strong correlation 
was found at different TNF-alpha concentrations between the decrease of amiloride- 
sensitive current and alpha-ENaC mRNA expression. All these data show that TNF- 
alpha, a proinflammatory cytokine present during lung infection, has a profound 
influence on the capacity of alveolar epithelial cells to transport sodium. 
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Inhibin and activin production and subunit expression in human placental 
cells cultured in vitro* 

Debieve F; Pampfer S . Thomas K . 

Department of Obstetrics and Gynecological Endocrinology, Universite Catholique de 
Louvain, 1200 Brussels, Belgium. 

Inhibins and activins are dimeric proteins, with each subunit being one of three related 
protein subunits (alpha, betaA or betaB). The mRNA levels of these subunits were 
studied quantitatively during in-vitro differentiation of human cytotrophoblast cells into 
syncytium, using Northern blot analysis and semi-quantitative reverse transcription- 
polymerase chain reaction (RT-PCR) analysis. The corresponding protein concentrations 
were determined by specific enzyme-linked immunosorbent assays for inhibin A, B, pro 
alphaC and activin A in cellular protein extracts and culture medium (n = 5). 
Immunofluorescence studies showed syncytium formation after 48 h. The alpha subunit 
was present before plating and increased at 48 h (P<0.001) while the betaA subunit was 
weak before plating and increased at 24 h. The betaB subunit was not detected. With 
respect to corresponding protein synthesis, inhibin A (alpha + betaA) had risen after 48 h 
in cellular protein extract and after 72 h in culture medium, while activin A (betaA + 
betaB) was detected after 24 h, with no significant variations in culture medium. There 
was a good correlation between inhibin A and alpha subunit expression (r = 0.736, 
PO.001), as well as between activin A and betaA subunit expression (r = 0.755, 
P<0,001). This study showed that mRNA expression parallels protein synthesis of inhibin 
and activin in trophoblast cells. Inhibin A synthesis appears to be dependent on alpha 
subunit mRNA expression, rather than on the betaA subunit which controls activin A 
synthesis. This study has also shown that isolated cytotrophoblast cells do not produce 
dimeric inhibin. However, during the transformation of cytotrophoblast cells into 
syncytium, betaA subunit mRNA expression may be an indicator of cell aggregation, 
while alpha subunit mRNA expression may be an indicator of cell fusion. 
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Involvement of the CCND1 gene in hairy cell leukemia. 

de Boer CJ, KIuin-Nelemans JC . Dreef E, Kester MG. Kluin PM SchuuringE, van 
Krieken JH . 

Department of Pathology, University of Leiden, The Netherlands. 

BACKGROUND: Previous results suggested increased mRNA expression of CCND1 in 
hairy cell leukemia (HCL). The CCND1 gene is involved in the t( 1 1 ; 1 4)(q 1 3 ;q32) 
chromosomal rearrangement, a characteristic abnormality in mantle cell lymphoma 
(MCL). We and others reported that, in contrast to other B-cell lymphomas, almost all 
MCL have over-expression of the CCND1 gene with a good correlation between RNA 
and protein analysis. Recent studies showed that overexpression of the cyclin Dl protein 
can be easily detected by immunohistochemistry (IHC) on formalin-fixed, paraffin 
embedded tissues. PATIENTS AND METHODS : To investigate whether the CCND 1 
gene is involved in HCL, we performed fflC on a series of 22 cases using formalin-fixed 
paraffin embedded splenectomy specimens. For IHC the sections were boiled in citrate 
buffer. The presence of rearrangements within the BCL-1 locus and the CCND1 gene 
was analyzed in 13 of 22 cases by Southern blot analysis using all available break-point 
probes. Expression of CCND1 was analyzed at the mRNA level (Northern blot) and 
protein level (IHC). RESULTS: Overexpression of the cyclin Dl protein using IHC was 
observed in all cases, with strong expression in 5 cases. Pre-existing B- and T-cell areas 
of the spleen did not express significant levels of the cyclin Dl protein. Seven of 9 cases 
analyzed by both IHC and Northern blotting showed overexpression of the CCND1 gene 
with both methods. No; genomic abnormalities were observed in any of the 13 cases 
studied by Southern blot analysis. Additionally, no 1 lql3 abnormalities were detected by 
banding analysis of 19 of 22 cases. CONCLUSIONS: Hie elevated levels of CCND1 
mRNA and protein in conjunction with the absence of overt rearrangements within the 
BCL-1 locus distinguish HCL from MCL and other B-cell malignancies. This suggests 
that activation of the CCND1 gene in HCL is due to mechanisms other than chromosomal 
rearrangement. 
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Expression of membrane-type matrix metalloproteinases 4, 5, and 6 in 
mouse corneas infected with P. aeruginosa. 

Dong Z, Katar M, Alousi S, Berk RS . 

Department of Immunology and Microbiology, Wayne State University School of 
Medicine, 540 E. Canfield, Detroit, MI 48201, USA! 

PURPOSE: To investigate the expression and regulation of membrane-type matrix 
metalloproteinases (MT-MMPs) 4, 5, and 6 in the mouse corneas infected with 
Pseudomonas aeruginosa. METHODS: C57BL/6J mice were intracorneally infected with 
P. aeruginosa. The expression of MT4-, MT5-, and MT6-MMP was detected at both the 
mRNA and protein levels by RT-PCR and immunoblot analysis. Immunohistochemical 
staining was performed tojocalize the expression of MT4- and MT5-MMP in the mouse 
corneas. RESULTS^ Expression of MT4- and MT5-MMP was detected in the normal 
(uninfected) cornea by RT-PCR and immunoblot analysis. When infected with P. 
aeruginosa, the corneas showed "significant induction of each MT-MMP, Localization of 
MT4- and MT5-MMP revealed that the expression of MT5-MMP was restricted to the 
epithelial tissue in the normal cornea, whereas the induced expression of MT4- and MT5- 
MMP was predominantly in the substantia propria, which contained most of the 
infiltrating cells. MT6-MMP expression was not detected in the uninfected cornea but 
was upregulated in thelnfected corneas. CONCLUSIONS: Expression of MT4-, MT5-, 
and MT6-MMP was induced in corneas infected with P. aeruginosa. 
Immunohistochemistry showed predominant immunoreactivity of MT4- and MT5-MMP 
in the substantia propria. Previous histologic studies have revealed different patterns of 
inflammatory cell infiltration with an increased number of polymorphonuclear 
neutrophils (PMNs) during the early stage of inflammation and increased macrophages 
during the late stage. These results indicate a good correlation between the 
overexpression of the MT-MMPs in the infected corneas and the inflammatory response- 
that is, leukocyte infiltration-indicating that inflammatory cells such as macrophages arid 
PMNs may play a role in the upregulation of MT-MMPs during corneal infection, which 
in turn can cause the destruction of corneal tissue. 
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Suppressors of cytokine signaling proteins are differentially expressed in 
Thl and Th2 cells: implications for Th cell lineage commitment and 
maintenance. 

Egwuagu CE, YuCR . Zhang M. Mahdi RM Kim SX Gerv I . 

Laboratory of Immunology, National Eye Institute, National Institutes of Health 
Bethesda, MD 20892, USA. emeka@helix.nih.gov ' 

Positive regulatory factors induced by IL-12/STAT4 and IL-4/STAT6 signaling during T 
cell development contribute to polarized patterns of cytokine expression manifested by 
differentiated Th cells. These two critical and antagonistic signaling pathways are under 
negative feedback regulation by a multimember family of intracellular proteins called 
suppressor of cytokine signaling (SOCS). However, it is not known whether these 
negative regulatory factors also modulate Thl/Th2 lineage commitment and maintenance. 
We show here that CD4(+) naive T cells constitutively express low levels of SQCS1, 
SOCS2, and SOCS3 mRNAs. These mRNAs arid their proteins increase significantly in 
nonpolarized Th cells after activation by TCR signaling. We further show that 
differentiation into Thl or Th2 phenotype is accompanied by preferential expression of 
distinct SOCS mRNA transcripts and proteins. SOCS1 expression is 5-fold higher in Thl 
than in Th2 cells, whereas Th2 cells contain 23-fold higher levels of SOCS3. We also 
demonstrate that IL-12-induced STAT4 activation is inhibited in Th2 cells that express 
high levels of SOCS3 whereas IL-4/STAT6 signaling is constitutively activated in Th2 
cells, but not Thl cells, with high SOCS 1 expression. These results suggest that mutually 
exclusive use of STAT4 and STAT6 signaling pathways by differentiated Th cells may 
derive in part, from SOCS3- or SOCS 1 -mediated repression of IL-1 2/STAT4- or IL- 
4/STAT6 signaling in Th2 and Th I cells, respectively. Given the strong correlation 
between distinct patterns of SOCS expression and differentiation into the Thl or Th2 
phenotype, SOCS 1 and SOCS3 proteins are therefore Th lineage markers that can serve 
as therapeutic targets for immune modulation therapy. 
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fn'^ronmenf ° f SCaVenging ******* in embr yos subjected to a diabetic 
Forsberff H , Bgrjf^, Cagliero E, Eriksson U.T 
Department of Medical Cell Biology, University of Uppsala, Sweden. 

Maternal diabetes during pregnancy is associated with an increased rate of congenital 
rnaJforrnahons m the offspring. The exact molecular etiology of the disturb § 
embryogenesis ,s unknown, but an involvement of radical oxygen species in the 

^Z^^S Th^ fT gen rad,C3lS and thC anti0Xidant defence mechanisms 
Z^^lTl x m ° f l ? 6 Pr6Sent StUdy Was t0 instigate if maternal diabetes 

in v.vo, or h,gh glucose ,n vitro alters the expression of the free oxygen radical 

S en2yr "f ^oxide dismutase (CuZnSOD and MnSOD), catalase and 

nZT * m ^ embTyOS during l3te oogenesis. We studied offspring of 

normal and d.abehc rats on gestational days 1 1 and 12, and also evaluated day-1 1 

I'" 48h ^^ e P^ odinl0 ^or50mMglucoseconc e ntration Both 

Stnltt^ *?* 8,UCO , Se ^ «d inched rate 

of congenital malformauons ,n the embryos. The CuZnSOD and MnSOD enzymes were 

expressed on day 12 with increased concentrations of MnSOD transcripts when 
challenged by a diabetic milieu. There was a good correlation between^ protein 
and actmty levels, suggesting that the regulation of these enzymes occu^ntS Tthe 
SSSSl^ ^ diabetes * -o and high glucSe concent^tionm Vit 
^ » f f MnS ° D ex P ression - concomitant with increased total SOD activity 
»d a tentahve decrease in catalase expression and activity in the embryos. Th<2 

tsszsz tz^:^ oxidative stress in - « - *** 
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Induction of the estrogen receptor by growth hormone and glucocorticoid 
substitution m primary cultures of rat hepatocytes. 

Freyschuss B , Stavreus-Evers A , Sahlin 1, Eriksson H 

Department of Reproductive Endocrinology, Karolinska Hospital, Stockholm, Sweden. 

Hepatic estrogen receptors (ER) mediate estrogenic effects on mammalian liver 
metabolism and are thereby involved in the regulation of important 
physiological/pathological processes, such as coagulation, atherosclerosis, and 
hypertension. The regulation of the formation of the ER in primary cultures of rat 

^ZT*^™' 1 *' 1 by ER and ER "X*** differe * endocrine 

SnlT T Ce ^ ti ° n W3S mea5ured Usin S ^° different me *h°a-s, a ligand- 
binding technique and an ER enzyme immunoassay. The results obtained by the two 
methods showed good correlation, and linear regression analysis gave a correlation 
coefficient of 0.95 ER concentrations fell to low steady state levels within 16 h after 
establishing the eel} culture and remained low in the absence of hormonal substitution 

m^^ Um K SUP f : ,em ^r with P ituita ^ °H and the glucocorticoid dexamethasone 
n n *2 u comblnat,on > the E R concentration increased 6-fold from 4.2 +/- 1 0 to 25 8 +/- 

^h,H mg Cy lr^ Pr f ER tf * NA W3S measured ^ so,ution hybridization. ' 
Substitution with GH and DEX in combination increased ER mRNA to 210 +/- u% of 

IZT^t ^u °" ER mRNA StabiHty Was seen after honnone treatment It is 

system tt v T ,at T C £ eCtS ° f ° H md ° EX °" the he ? atic ER in i" *»» 
system are very similar to the effects of these hormones under in vivo conditions The 

^"H 0 " ° f ? e f haS neverbefore - to our knowledge, been demonstrated in 
any mammalian liver cell culture system. 
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Oxytocin receptors in bovine cervix: distribution and gene expression 
during the estrous cycle. expression 

F»gl!g_AR, lygjjR. jjjcjjj$_PA, Chang SM. Fjglrkjyrr 

S^S G ^ Medical College, New 



Oxytocin (OT) receptor (OTR) concentrations were determined in the cervix of 
nonpregnant cows on cycle Days 0, 3, 7-8, 17, and 19 (n = 3-4 cows each day)- RHIOT 
was used as the labeled ligand. Mucosal and muscle layers of the cervix weSi o 
analyzed separately for both ligand binding and expression of the OTR^ne us in g a 
l^Lt : VCl0p f h m ^ P rotection — y (RAP). Cellular localization oWRpSn 
^determined by immunohistochemistry. All regions of cervix from cows at esoTnad 
bgh concentrauons of OTR; in the luteal phase, all were sharply down^egula^A 

OTO m RNT OSal ! T f ab ° Ut 3 °- f ° Id Wghef ^tratSns than the layer 
OTRmRNA was readily detected by RAP in the mucosa from estrous cows while much 
weaker srgnals were found in the muscle. On Days 7-17, the OTR mRNA^ignS LTofc 
™* cIe /^ very faint or nondetectable. Thus, there was a ^coLTation 

^Jy^^lfri^ eXP T i<>n " WWch SUg8CSte that OT * concent 
are mamly regulated at the transcnptional level. The epithelial cells at the luminal surface 
of the mucosa were the principal site of immunoreactive OTR; muscle cells Showed 

cetTl YT m b0VlnC T*** SinCC PGE2 is -P^ 6 of softfningthe } 

SSn^f f T SUgg6St . that mav have * novel physiological function to cause 
softening of the bovine cervix mediated by the release of PGE2. 
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SUencing of the thrombomodulin gene in human malignant melanoma. 
FuruteJ, KanedaA, Umebayashi Y, OtgukaF, Su^muraT, UghjjjniaT; 
Carcinogenesis Division, National Cancer Center Research Institute, Tokyo, Japan. 

Thelqn of thrombomodulin (TM) expression is associated with tumour growth 
infilfrahon and lymph node metastasis in human tumours. In melanoma cell lines TM is 
reported to mediate cell adhesion, and its introduction into TM-negative melanoma ce. 
hnes suppresses their growth. In this study, we analysed TM expression in suTgTar 
melanoma specimens and the role of its promoter mediation in the loss of its 
expression. In 15 (75%) of the 20 specimens (five from a primary site and 15 from 
metastatic sites), melanoma cells lacked TM immunoreactivity. Mediation of the TM 
promo ter region wasdetected in 10 (61%) of the 1 5 TM-negative specimens by 

^TL^tIT^™* Chaia feaCti0n ' WfereaS ^^on was detected in two 
promoter cJZ^T? Sp ^ mens - In cel1 lines > c ^plete methylation of the TM 
mKhlt P L . W3 f deteCted m SbC (4 * %) ° f 1 3 mel *">™ cell lines, whereas no 
memylation was detected m two cultured normal melanocytes. There was a good 
correlation between the methylated status of the CpG island and the loss of TM 
messenger RNA (mRNA) expression. Treatment of melanoma cell lines with a 

mafmo^r ^ °f m RNA and protein expression. These findings suggest 

cS^^^T* m ^r maS ; aCk ™ eXpreSSi0n ' ™*hylation of the promoter 

CpO island is one of the mechanisms responsible. 
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CycIooxygenase-2 expression in macrophages: modulation by protein 
Kinase C-alpha. 

Giroux M Descoteaux A 

^d^^D^^(^mad^ e( ^ iert ^ ie Swentifique-Institut' Armand-Frappi er, Univ^du 

Cyclooxygenase-2 (COX-2) is an inducible enzyme responsible for high levels of PG 
production during inflammation and immune responses. Previous studies with 
- pharrnacolog,cal inhibitors suggested a role for protein kinase C (PKC) in PG production 
possibly by regulating COX-2 expression. In this study, we addressed the role of PKC 
alpha in the modulation of COX-2 expression and PGE2 synthesis by the overexposing 
^T^W^T^T^ ° f thiS is ° enZyme in the -ousemacrophage'cel Se 
r£ tS? mV T? ted *" effeCt ° f Varf0US Stimu,i °* COX " 2 expression, namely 

a Vn^ a '™ d tiie intra cellular parasite Leishmania donovani. Whereas LPS- 
induced COX-2 raRNA and protein expression were down-regulated in DN PKC-alpha- 
overexpressing clones, IFN-gamma-induced COX-2 expression was u P -regulated inS 
i-KC-alpha-overexpressmg clones with respect to normal RAW 264 7 cells 
Measurements of PGE2 levels revealed a strong correlation between PGE2 secretion and 

TnSrT n ? UC t C °u' 2 ^ Pr0tdn levdS in DN PKC-alpha-overexpreslg 
I pT^1?m ^ • r6SUltS SUgg6St 3 r0le f0r PKC-alpha in the modulation of 
LPS~and IFN-gamma-induced COX-2 expression, as well as in IFN-gamma-induced . 
rGbz secretion. 
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Modulation of gap junction mediated intercellular communication in TM3 
Leydig cells. 

Goldenberg RC, Fortes FS . Cristancbo JM. Morales MM . Franci CR . Varanda WA 
Campos de Carvalho AC ' ' 

Institute of Biophysics Carlos Chagas Filho, UFRJ, Brazil. 

Long-term modulation of intercellular communication via gap junctions was investigated 
in TM3 Leydig cells, under low and high confluence states, and upon treatment of the 
cells for different times wi th activators of protein kinase A (PKA) and protein kinase C 
(PKC). Cells in low confluence were readily coupled, as determined by transfer of the . 
dye Lucifer Yellow; on reaching confluence, the cells uncoupled. Western blots and RT- 
PCR revealed that connexin 43 (Cx43) was abundantly expressed in TM3 Leydig cells 
and its expression was decreased after the cells achieved confluence. Stimulation of PKA 
or PKC induced a decrease in cell-cell communication. Staurosporin, an inhibitor of 
protein kinases, increased coupling and was able to prevent and reverse the uncoupling 
actions of dibutyryl cAMP and I2-0-tetradecanoyl-phorbol-13-acetate (TPA). Under 
modulation by confluence, Cx43 was localized to the appositional membranes when cells 
were coupled and was mainly in the cytoplasm when they were uncoupled. In addition, 
cAMP and TPA reduced the surface membrane labeling for Cx43; whereas staurosporin 
increased it. These data show a strong correlation between functional coupling and the 
membrane distribution of Cx43, implying that this connexin has an important role in 
intercellular communication between TM3 cells; Furthermore, increased testosterone 
secretion in response to luteinizing hormone was accompanied by a decrease in 
intercellular communication, suggesting that gap junction mediated coupling may be a 
modulator of hormone secretion in TM3 cells. 
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Restored expression and activity of organic ion transporters rOATl, 
rOAT3 and rOCT2 after hyperuricemia in the rat kidney. 

Habu y, yano I . Qkuda M. Fukatsu A, Inui K . 

Department of Pharmacy, Kyoto University Hospital, Faculty of Medicine, Kyoto 
University, Sakyo-ku, Kyoto 606-8507i Japan. 

We previously reported that in hyperuricemic rats, renal impairment occurred and organic 
ion transport activity decreased, accompanied with a specific decrease in the expression 
w^TT ani ° n ^porters, rOATl and rOAT3, and organic cation transporter 
rUC 12. In the present study, we investigated the reversibility of the organic ion transport 
activity and expression of organic ion transporters (s!c22a) during recovery from 
hyperuricemia; Hyperuricemia was induced by the administration of a chow containing 
unc acid and oxomc acid, an inhibitor of uric acid metabolism. Four days after 
discontinuance of the chow, the plasma uric acid concentratibn returned to the normal 
level, and renal functions such as creatinine clearance and BUN levels were restored 
although the recovery of tubulointerstitial injury was varied in sites of the kidney ' 
Basolateral uptake of p-aminohippurate (PAH) and tetraethylammonium (TEA), and both 
protein and mRNA levels of rOATl, rOAT3 and rOCT2 in the kidney gradually 
improved during 14 days of recovery from hyperuricemia. Basolateral PAH transport 
5 /own 6r COlTelation with the protein level of rOATl (r(2)=0.80) than rOAT3 
(r(2)-0 34), whereas basolateral TEA transport showed a strong correlation with rOCT2 
protein M2)-0.91X The plasma testosterone concentration^which is a dominant factor in 
Ae regulation of rOCT2, was gradually restored during the recovery from hyperuricemia 
bu the correlation between the plasma testosterone level and rOCT2 protein expression 
m the kidney was not significant. These results suggest that the regulation of organic ion 
transporters, rOATl, rOAT3 and rOCT2, by hyperuricemia is reversible, and the organic 
: ion transport activity restores according to the expression levels of these transporters. 
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Regulation of cytochrome P4501A1 in teleosts: sustained induction of 
CYP1 Al mRNA, protein, and catalytic activity by 2,3,7,8- 
tetrachlorodibenzofuran in the marine fish Stenotomus chrysops. 

Hahn ME. Stegeman JJ . 

Biology Department, Woods Hole Oceanographic Institution, Massachusetts 02543. 

Cytochrome P4501 Al (CYP1 Al) is known to play important roles in the activation and 
detoxification of carcinogens and other toxicants in vertebrate animals, including fish. 
Although extensively studied in mammalian systems, the regulation of CYP1 A forms in 
other vertebrates is less well understood. We examined the time course and dose- 
response relationships for induction of CYP 1 Al mRNA, protein, and catalytic activity by 
2,3,7,8-tetrachlorodibenzofuran (TCDFj in the marine fish Stenotomus chrysops (scup). 
The time course of CYP1 Al induction was determined following a single ip dose (10 
nmol/kg) of 2,3,7,8-TCDF. Hepatic ethoxyresorufin O-deethylase activity was increased 
after 1 day, reached a maximum by 8 days, and was still elevated 14 days after treatment 
The content of immunbdetectable CYP 1 Al protein in liver was elevated on Day 1 and 
continued to increase through 14 days. CYP1 Al protein content was also strongly 
induced in heart and gill beginning at 2 days after treatment and extending through Day 
14. Hepatic CYP1A1 mRNA was strongly induced by 1 day after dosing and remained 
elevated through 14 days. The sustained induction of CYP1 Al mRNA by 2,3,7,8-TCDF 
contrasts with the transient induction seen previously in fish treated with no'nhalogenated 
inducers and most likely reflects differences in persistence of the inducers. Dose-response 
studies indicated that induction of CYP1A1 mRNA, protein, and catalytic activity 
occurred following doses of 2,3,7,8-TCDF as low as 0.4 nmol/kg (120 ng/kg), within the 
range of whole-body contents of this congener measured in fish from contaminated 
environments. The estimated dose producing half-maximal CYP 1 Al induction in scup 
was approximately 2-10 nmol/kg, suggesting that the sensitivity of these fish to induction 
may be as great as or greater than that of rats. In contrast to previous results obtained with 
^^'^'-tetrachlorobiphenyl (TCB) and beta-naphthoflavone, which appear to inhibit or 
inactivate CYP1 Al in fish and other vertebrates, there was a good correlation among 
levels of CYP1A1 mRNA, protein, and catalytic activity in individual fish following 
various doses of 2,3,7,8-TCDF. The difference in response to 2,3,7,8-TCDF versus 
3,3',4,4'-TCB may reflect differences in the inducing potencies of the two compounds 
relative to their similar potencies as inhibitors of CYP1A1 catalytic activity. In additional 
studies to evaluate structure-activity relationships for CYP1 Al induction by chlorinated 
dibenzofurans in fish, scup were treated with 2,3,6,8-tetrachlorodibenzofuran (2,3,6,8- 
TCDF). At 10or50nmol^g,2,3,6,8-TCDFwasmactive asaninducerofCYPlAV 
mRNA, protein, or catalytic activity.(ABSTRACT TRUNCATED AT 400 WORDS) 
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The role of the epidermal growth factor receptor in sustaining neutrophil 
inflammation in severe asthma. 

Hamilton LM: Torres-Lozano Puddicombe SIM Richter A, Kimber I , Dearman 
RJ, Vrugt B, Aalbers R, Holgate ST. Djukanovic R, Wilson SX Davies DE . 

Division of Infection, Inflammation & Repair, School of Medicine, University of 
Southampton, UK. 

BACKGROUND: The extent of epithelial injury in asthma is reflected by expression of 
the epidermal growth factor receptor (EGFR), which is increased in proportion to disease 
severity and is corticosteroid refractory. Although the EGFR is involved in epithelial 
growth and differentiation, it is unknown whether it also contributes to the inflammatory 
response in asthma. OBJECTIVES: Because severe asthma is characterized by 
neutrophilic inflammation, we investigated the relationship between EGFR activation and 
production of IL-8 and macrophage inhibitory protein- 1 alpha (MlP-lalpha) using in 
vitro culture models and examined the association between epithelial expression of IL-8 
and EGFR in bronchial biopsies from asthmatic subjects. METHODS: H292 or primary 
bronchial epithelial cells were exposed to EGF or H202 to achieve ligand-dependent and 
ligand-independent EGFR activation; IL-8 mRNA was measured by real-time PCR and 
IL-8 and MIP-1 alpha protein measured by enzyme-linked immunosorbent assay 
(ELIS A). Epithelial IL-8 and EGFR expression in bronchial biopsies from asthmatic 
subjects was examined by immunohistocheinistry and quantified by image analysis. 
RESULTS: Using H292 cells, EGF and H202 increased IL-8 gene expression and 
release and this was completely suppressed by the EGFR-selective tyrosine kinase 
inhibitor, AG1 478, but only partially by dexamethasone. MIP- 1 alpha release was not 
stimulated by EGF, whereas H202 caused a 1.8-fold increase and this was insensitive to 
AG1478. EGF also significantly stimulated IL-8 release from asthmatic or normal 
primary epithelial cell cultures established from bronchial brushings. In bronchial 
biopsies, epithelial IL-8, MIP-1 alpha, EGFR and submucosal neutrophils were all 
significantly increased in severe compared to mild disease and there was a strong 
correlation between EGFR and IL-8 expression (r = 0.70, P < 0.001). CONCLUSIONS: 
These results suggest that in severe asthma, epithelial damage has the potential to 
contribute to neutrophilic inflammation through enhanced production of IL-8 via EGFR- 
dependent mechanisms. 
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Localization of tissue inhibitor of metaUoproteinases 1 (TEVIP-1) in human 
colorectal adenoma and adenocarcinoma. 

Holtcn-Andersen MN , HansenU, Bnyn^ NidsenHJ, IHemannM, NiekenBS. 
The Finsen Laboratory, Rigshopitalet, Denmark. 

Tissue inhibitor of matrix metalloproteases 1 (TIMP-1) inhibits the proteolytic activity of 
matnx metalloproteases and hereby prevents cancer invasion. However T MP- 1 So 
possesses other functions such as inhibition of apoptosis, induction of ma Zn 

r>ZSL ° d colorectal cancer patients and that high TIMP-1 levels 

predu* poor prognose To clarify the role of TIMP-1 in colorectal tumoriinSs the 

an or iA cases of colorectal adenocarcmoma TIMP-1 mRNA was detected hv in «h. 
hybnd lza t 10 n fr In all cases "TIMP-1 expression was found in fij££5£ ^ceU lotted at 

w^s seen in any of the cases m benign or malignant epithelial cells, in vascular cells or 
smooth muscle cells. Comparison of sections processed for TIMP- in siL hvbria iln 

sTtu hZf r hetW ^ tt TIMP " 1 bSRNA md ^unoreactivitj. Combining TIMP 'l in 
showed TIMP-1 mRNA in myofibroblasts but not in macrophages TIMP-l 

S I" °7" t n ° mat0US P ° lyPS » adenomaU in b^ ies 
concS T^pf inflammation at the epithelial-stromal interface. In 

SS^a3rf , ? n ,S 3 rare 6Vent " benig " ^ 001011 tissue but » highly 
expressed by myofibroblasts in associauon with invading colon cancer cells. 
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LocaUzatioii of Tissue Inhibitor of Metalloproteinases 1 (TIMP-1) in Human 
Colorectal Adenoma and Adenocarcinoma 

Mads N. Hoiten-Andersen 1 ^ Ulla Hansen 3 , Nik Bri»W, Hans J0rgen Nielsen 4 , Martin fflemann 1 
and Boye Schnack Nielsen 1 . 

* The Finsen laboratory, Jtigshopitolet, Denmark' 

^ J *^&*^ The Royal Veterinary and Agricuhural University, Denmark 

'Department of Pathology, University Hospital Hvidovre. Denmark "™marK 

Department of Surgical Gastroenterol 



Tissue inhibitor of matrix toetalloproteases 1 (TIMP-1) inhibits 
the proteolytic activity of matrix metaJQoproteases and hereby 
prevents cancer invasion. However, TTMP-l also possesses other 

fttt i r t mm such n< > inhibition of ^p oplosis^dnc^n^t^mAltoaBt 

transformation and stimulation x>f ceD-growth. We have previ- 
ously demonstrated mat TIMP-1 is elevated in blood from colo- 
rectal cancer patients and that high TTMM levels predict poor 
prognosis. To clarify the role of TIMP-1 in colorectal tomoraen- 
esas, the expression pattern of TIMP-1 in benign and malignant 
colorectal tumors was studied. In all of 24 cases of colorectal 
adenocarcinoma TIMP-1 mRNA was detected by in situ hybrid- 
ization- In all cases TIMP-1 expression was found in fibroblast-like 
cells located at the invasive front but was seen only sporadically in 
normal mucosa. No TIMP-1 mRN A was seen in any of the cases in 
benign or malignant epithelial cells, in vascular cells or smooth 
muscle cells. Comparison of sections processed for TIMP-1 in situ 
hybridization with sections immunohistocliemically stained with 
anti^es against TIMP-1 showed good correlation between 
Jlj^-lmlCJVA and immunoreactivity. Combining TIMP-1 in situ 
hybridization with iimrmnohistochernica] staining for a-smooth 
muscle actin or CD68 showed TIMP-1 niRNA in myofibroblasts 
but not m macrophages. TIMP-1 mRNA was detected in 2 of 7 
adenomatous polyps in the adenoma area: in both cases associated 
with focal stromal inflammation at the epitbelial-stromal interface. 
In conclusion, TIMP-1 expression is a rare event in benign human 
colon tissue but is highly expressed by myofibroblasts ^associa- 
tion with mvading colon cancer cells. 

Key wowis: TDVtP-1 ; MMP; in situ hyrjridfizarion; iramunohistochem- 
lstry; myofibroblast 

A prerequisite for cancer cell invasion and metastasis is the 
breakdown, of tissue barriers mediated by proteolytic enzymes 
such as the matrix metalloproteinases (MMP). 1 - 2 Under normal 
physiologic , conditions, the tissue degrading activities of the 
MMPs are Aept at bay by the presence of the naturally occmrino 
inhibitors: tissue inhibitors of metalloproteinases (TTMP). TTMP-f 
a 28 kDa glucoprotein demonstrated to be present in most bodily 
tissues and fluids, binds and inhibits MMPs in a 3:1 stochiometric 
manner w Overexpression of TBvlP-3 in various cancer models 
has shown a suppressive role in the malignant progression * How- 
ever, as opposed to this anti-invasive role of" TTMP- J several 
ISw? h3Ve demonslrated quite different functions of this 

MMP-jnhibiior including stimulation of cell growth, malignant 
transformation and inhibition of apoptosis, suggesting a possible 
mmar-promoting role of TLW-1 in very early stages of tumori- 
genesis. 6 -" Thus, it has been speculated that TIMP-1 may actually 
play a dual role in cancer progression and metastasis. 1 1 

^ S ^ Cr ^x? UdieS ^-demonstrated that tumor tissue levels of 
MMP mRNA and protein are significantly increased in various 
malignant diseases and that such MMP elevations are correlated 
with cancer cell invasion, metastasis and short patient survival 

™« ? ^nT* rep6m have described similar overexpression of 
llMr-J mRNA and protein in several cancer types ,4 - 2 © More- 
over, we and others have demonstrated thai measurement of in- 
creased plasma levels of TTMP-l by immunoassay serves as a 
strong marker f Dr shon survival and Iecwi ence of disease in 
patients with colorectal cancer.*'-* Similarly, a strong correlation 



between high protein levels and poor prognosis is known for the 
typo-I plasminogen activator inhibitor (PAI-1)>» Omsidering 
^ F° teasc inhiT>itmg fu nction of these inhibitors, these findings 
seemed controversial; however, alternative functions have been 
reported both for TTMP-l as mentioned above as well as for 
PAI-I. 26 

In order to better understand the role of TTMP-l in colorectal 
cancer, bistochemicaj analyses may provide some indBcatiohs; A 
number of studies of the localization, of TTMP-l in colorectal 
cancer have been published; however, the results of these reports 
are somewhat contradictory. Newell and colleagues 27 reported that 
TTMP-l mRNA was expressed both in invasive adenocarcinoma, 
carcinoma in situ and adenoma and that the expression was ob- 
served in both the stromal as well as the epithelial compartment of 
the tissues studied In contrast, Zeng and colleagues 12 - 20 reported 
that TIMP-1 mRNA was expressed only in the stromal compart- 
ment of colorectal adenocarcinomas in spindle-shaped cells sur- 
rounding the invasive cancer cells. The results of immunobisto- 
chemical studies of TTMP-l in colon are also conflicting: Hewitt 
and colleagues 19 reported that TTMP-l was expressed in the con- 
nective tissue and basement membrane in both normal mucosa, 
adenomas and adenocarcinomas with only little staining of the 
neoplastic epithehum. On the other hand, Tornita and colleagues 28 
reported that TTMP-l was expressed in both stromal and epithelial 
cells in colonic polyps and adenomas, as well as in adenocarcino- 
mas, in which the neoplastic cells were strongly immunoreactive. 

In order to resolve these inconsistencies, we undertook our study 
and by in situ hybridization and immunohistocbemistrv demon- 
strated that TTMP-l is expressed in myofibroblasts in the'stroma at 
the invasive front of colorectal adenocarcinomas. Because TTMP-l 
was virtually absent from normal colorectal epithelium, we eval- 
uated the possibility of using TTMP-l as a diagnostic tool to 
differentiate colorectal adenomas from Dukes' stage A colorectal 
adenocarcinomas. 



Material and methods 

Tissue samples 

AH tissue material included was obtained from University Hos- 
pital of Hvidovre (Copenhagen, Denmark) in accordance with a 
permission given by the local scientific ethical committee (KF 
01-078/93). Fourteen archival samples (formalin fixed and paraffin 
embedded) collected from 1989 to 1993 included Dukes' stage A 
colorectal adenocarcinomas (n = 8) and colorectal adenomatous 
polyps [n ~ 6, 3 were pedunculated (1 with mild and 2 with 
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moderate dysplasia) and 3 were sessile (1 with moderate and 2 
with focally severe dysplasia)]. Samples from 16 colorectal ade- 
nocarcinomas (1 Dukes* stage A, 6 Dukes* stage B, 8 Dukes*, stage 
C and 1 Dukes' stage D), 1 villous adenoma and 1 malignant colon 
lymphoma were prospectively collected during 1999-2000. These 
prospectively collected tissue specimens were dissected so that 
samples contained bom normal mucosa, and tumor tissue and were 
obtained within 30 mm following surgical bowel resection. The 
specimens were immediately fixed in 4% neutral buffered formalin 
for 20-24 br and then paraffin embedded. The 14 archival samples 
bad also been formalin fixed arid paraffin embedded. ' 

Generation of rionoverlapping TIMP-l cDNA fragments by PCR 
The full length TIMP-l cDNA (GenBank NM_003254) cloned 
in pSP64 vector 29 was used as template to generate 2 nonoverlap- 
ping PGR fragments for in vitro transcription, and named f 104 (bp 
56-378) and f!06 (bp 398-680). First, the whole insert (- 780 bp) 



was cut, out by digestion with Mind 111 and Jfamxil and punned 
after agarose gel electrophoresis using the Qiaex II gel extraction 
kit{Qiagen, Crawley, United Kingdom). To generate nonoverlap- 
ping antisense probes and the corresponding sense probe, 2 PCR 
fragments were generated using upstream primers flanked by a 
linker sequence containing an EcoJtl restriction enzyme site (un- 
derlined nucleotides) and a T3 polymerase binding sequence 
(boldface) 5 '- (gagaattc artaaccctcaciaaagggagaV3 and down- 
stream primers flanked by a linker sequence containing: a BamHl 
restriction enzyme site and a T7 polymerase binding sequence 
5 r - (figatcc taatocgaictcactetagggag)-3 f 9. The TIMP-l specific up- 
stream primers were 5'- acccaccatggccccctttg -3' for f 104 and 5'- 
(linker) - gcaggatggactettgcaca' -3' for fl 06, and the downstream 
primers were 5'- linker- actcctcgctgcggttgtgg -3' for fl04 and 5' - 
(linker) - tatotgggaccgcagggact -3.' for fl 067 PCR using the 2 fT04 
primers or the 2 f 106 primers was done as previously described. 30 

The PCR products were purified by column chromatography 
using S-200HR microspin columns (Amersham Pharmacia Bio- 
tech, Inc., Piscatway, NX), and their size tested by agarose gel 
electrophoresis. Both migrated as —300 bp fragments in accor- 
dance with the predicted size (322 and 282 bp, respectively)^ An 
ABI PRISM 310 genetic analyzer was employed for DNA se- 
quencing analysis and was performed according to the' manufac- 
turer's instructions (Perkin Elmer, Applied Subsystems* Foster 
City, CA) using the primers specified above. The DNA sequences 
obtained were confirmed by comparison with the specific TIMP-l 
cDNA nucleic acid sequence (GenBank NM_003254). 

Plasmids containing human MMP-2 cDNA<pCol7201, bp 647- 
1284) and human MMP-9 cDNA (pCol9202, bp 1751-2326) have 
been described elsewhere. 31 

In vitro transcription 

Antisense and sense riboprobes were labeled with 35 S UTP 
(NEN, Boston, MA) by in vitro transcription using T7 and T3 
RNA polymerases (Roche, Basel, Switzerland). The DNA tem- 
plate was digested with DNase (Proroega, Madison, WI). Nonin- 
corporaied 3:> S UTP and DNA was removed by column chroma- 
tography using S-200HR microspin columns (Amersham 
Pharmacia Biotech, Inc., Piscatway, NJ). The 35 S activity was 
adjusted for every probe by dilution to 500,000 cprn/uJ. 

In situ hybridization 

In situ hybridization was performed essentially as described 
previously. 32 In brief, 3 u.m paraffin sections were deparaffinized 
in xylene, bydrated with graded ethanol and boiled in a microwave 
oven for 10-12 min in 10 mM citrate buffer, pH fc.O. After 
additional 20 min at room temperature, the sections were dehy- 
drated with graded ethanol and the j5 S labeled probes (2X I0 6 cpm 
in 20 uJ hybridization mixture 31 per slide) incubated overnight at 
55°C in a humidified chamber. Sections were washed in Hellen- 
dahl chambers with SSC buffers containing 0.1% SDS and 1 0 mM 
DTT at 150 rpm at 55°C using a Buhler incubation shaker (Jo- 
hanna Otto GmbH, Hechingen^ Germany) for 10 min in 2XSSC, 



10 min in 0.5XSSC, and 10 min in 0.2XSSC Sections were then 
RNase A treated for 10 min to remove nonspecificalfy bound 
riboprobe. Subsequent wash was performed in 0.2 X SSC as spec- 
ified above. Sections were dehydrated and soaked into an, autora- 
diographic emulsion (flford), exposed for 5-7 days if not otherwise 
stated and finally developed. Sections were counterstained with 
haematoxylin and eosin- 

Jmmunoperoxidase staining 

Immun ohistocbemistry was performed essentially , as described 
previously.^ 2 Five micrometer paraffin sections were deparaf- 
finized with xylene and hydrated through ethanolAwater dilutions. 
Tissue pretreatment was rjerformed with protease-K (5 ugAni) 
digestion for 20 miri. Sections were blocked for endogenous per- 
oxidase activity by treatment with 1% hydrogen peroxide for 
15 min. The sections were washed in 50 mM Tris 150 mM Nad, 
pH 7.6, containing 0 J% Triton ^X-100 (TBS-T). Incubation with 
t oyernight at 4°C. Sheep polyclonal antibodies 



— anfce 

(pAb) against TIMP-l and nonimmune goat IgG were used at a 
final concentration of 4j0 u-g/ml. Two monoclonal antibodies 
(MAb) against TIMP-l, 33 NM4 (clone rTK6A, NeoMarkers* Fre- 
mont, CA) and GalB2 (clone 147-6DI 1, CaTBioheni Oncogene 
Res. Products, Cambridge, MA), and a MAb against trinitro- 
phenyl (TOP) 3 * were all incubated at 1.0 uJg/rhl (all 3 MAbs are 
IgGl). CaIB2 MAb recognizes both free TIMP-l and TIMP-l 
in complex with MMPs. 33 NM4 MAb only recognizes free 
TIMP-l- 33 According to the manufacturer's descriptions, both 
MAbs are raised using recombinant human HMP-1. The- sheep 
. polyclonal antibodies were raised by immunization with TIMP-l 
purified from human dermal fibroblasts. The IgG was obtained by 
triple precipitation using ammonium-sulfate and characterized by 
immunodiffusion and rocket immimoelectropboresis. 35 In addi- 
tion, we have shown that the pAb recognize both free and MMP- 
complexed TTMP-1. 36 Furthermore, the specificity of the antibod- 
ies was analyzed by Western blotting analysis against recombinant 
human TIMP-l expressed in NSO mouse myeloma cells. Here, the 
antibody preparation recognizes a band of approximately 28 kDa 
in accordance with the molecular weight of TIMP-l - To certify 
that the pAb recognize TTMP-1 in colon tumors, the antibodies 
were nruooobilized on a seph arose column. Total protein extracted 
from 3 colon adenocarcinomas was passed through the column 5 
times and the bound and subsequently eluted protein analyzed in a 
Western blot using a TTMP-1 monoclonal antibody (MAO 5). A 
■ single band of approximately 28 kDa was revealed in accordance 
with the molecular weight of TTMP-1 (results not shown). In 
immunohistochemistry, the sheep pAb were detected with biotin- 
ylated rabbit-anti-goat IgG, which cross-react with sheep IgG 
(1:100, code E466, DakoCytoraationj followed by horseradish 
peroxidase in complex with streptavidin (code K377, DakoCyto- 
marion). The MAbs were detected with ihe Envision-mouse re- 
agent (En Vision reagent, K4003, DakoCytoroation), followed by 
tyramine amplification, using biotinyl tyr amine substrate as-spec- 
ified by the manufacturer (Nen, Boston, MA). Sections were 
developed with NoyaRed substrate as specified by the manufac- 
turer (Vector Laboratories, BurHngname, CA) for 15 min. Finally, 
sections were counterstained in Mayers haematoxylin, dehydrated 
in ethanol and mounted. 

Combined in situ hybridization and immunohistochemistry 

Double labeling by combining in situ hybridization and immu- 
nohistochemistry on paraffin sections has been described previ- 
ously. 32 In brief, using MAb against a-sm-actin (clone 1A4) 
diluted 1:1000, against cylokeratin. (clone AE1/AE3) diluted 
1:1000, or against CD68 (clone PGM1) diluted 1:200, sections 
were incubated for 2 hours at room temperature and then detected 
with anti-roouse-IgG/horse radish peroxidase-conju sated polymers 
(Envision-mouse reagent, DakoCytomation, Glostrup. Denmark). 
Sections were developed with diaminobenzidine (DAB) for 
7-10 min, and immediately dehydrated for in situ hybridization, 
which was performed as described above using the antisense 
probes of f!04. Sections were counterstained with haematoxylin. 
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Resufts 

Analysis of TIMP-1 probes and antibodies for in situ 
hybridization and immunohistochemistry 

Histopathological diagnosis of prospectively collected speci- 
mens from 18 colorectal lesions revealed 16 colorectal adenocar- 
cinomas, 1 villous adenoma and 1 malignant lymphoma. ^S- 
labeled anosense and sense RN A probes were generated by in vitro 
. } , transcription from 2 nonoverlapping DNA sequences of the human 
TTMP-1 cDNA and tested by in situ hybridization on adjacent 
sections from 5 of the colorectal adenocarcinomas. The 2 an ti sense 
probes showed an identical hybridizarion pattern in all the 5 cases, 
located in the stromal compartment surrounding the invading 
cancer cells, while no specific signal was seen with the 2 sense 
probes (Kg. 1). To test whether the TTMP-1 mRNA was accom- 
panied by TIMP-1 protein expression, immunohistochemistry was 
performed on 8 of the adenocarcinomas (including the 5 men- 
tioned above) and the malignant lympho ma using sheep anti- 
numan IAMP-1 polyclonal antibodies oh sections adjacent to 
TTMP-1 in situ hybridized sections. The TTMP-1 mRNA and 
immunoTeactiyity was observed in the same ceDs in all of the 9 
cases tested (Hg. 7A\ including the malignant lymphoma. The . 
anti-TlMP-1 polyclonal antibodies did not react with other cell 
populations in all of 8 adenocarcinomas and the malignant lym- 
phoma apart from some normal and malignant epithelial cells that 
were weakly stained on the luminal apical surface. Two MAbs 
against TIMP-1 (CalB2 and NM4) required strong signal amplifi- 
cation but showed a staining pattern similar to that of the poly- 
clonal antibody preparation (Fig. 2B\ with the only exception that 
neither : of the 2 MAbs stained me luminal apical surface of the 
normal and malignant epithelium: No signal was obtained with 
nonimmune goat serum or a MAb (of same subclass as Calb2 and 
NM4) directed against the synthetic hapten trinitrophenyl (TNP). 

TIMP-1 mRNA expression patterns in colon cancer 

Expression of TTMP-1 mRNA was then analyzed in the remain- 
ing 9 colorectal lesions by in situ hybridization. TTMP-1 mRNA 




Figure I -In situ hybridization with 2 nonoverlapping TTMP : J 
specific probes in human colon cancer. Three adjacent sections from a 
colon adenocarcinoma were incubated with 2 nonoverlappino 33 S^ 
labeled antisense probes for TIMP-1 rnRNA (f!06 (a J?) and fl& (</)] 
and a corresponding TIMp.j sense probe, f 106 (c). The m situXy- 
bndizanon signal is identified as black silver grains and demonstrated 
m ongntneld {a) and as a white pattern in darkfield illumination {b-d). 
J ne 2 antisense probes show the same hybridization pattern and the 
hybridization signal is seen in the same cells (arrows in a b and d) 
whereas no specific signal is seen with the sense probe (c). Note that 
the TTMP-I mRNA signal is located in the tumor suoma (indicated by 
MJ: surrounding the invasive cancer ceils (Ca) that arc devoid of 
ITMP-1 tn suu hybridization signal. {a)-<d): Bar - TOO jim 



expression was in all the cases of colon attec^arcinoma (includino 
those mentioned above) highly expressed in stromal fibroMast-Ife 
cells located at the invasive front (Fig. 3a,d). TTMP-1 mRNA 
signal was also observed in fibroblast-like cells located in the 
tumor stroma towards the colonic lumen in 8 of 10 cases where 
this tissue structure was present (data not shown). No or little 
TTMP-1 mRNA was detected in the central pan of the carcinomas. 
In 5 of the 16 colorectal adenocarcinomas, we observed TTMP-1 
mRNA signal in some fibroblast-like cells located around the 
muscle layer, of some arteries located in the submucosa distant 
from the cancer area. The normal colonic mucosa, including the 
lamina propria that was present in all samples tested, was generally 
negative (Fig. 3bje). Only a relatively weak TTMP- 1 mRNA signal 
was detected in stromal fibroblast-like cells surrounding one or a 
very few norma) crypts (Fig. 3c 9 f) in 3 out of 6 cases tested with 
extended exposure time (10 days vs. usually 5 days). In the villous 
adenoma; we s aw only a few TTMP-1 mRNA positive cells asso- 
ciated with focatirxflamrnation (data not shown). In the malignant 
lymphoma of the colon, TTMP-1 mRNA expressing fibroblast-like 
cells were, different from the adenocarcinomas, located in a dif- 
fuse pattern throughout the whole tumor. No TTMP-1 mRNA 
signal was observed in any of the 18 cases in the cancer cells, 
smooth muscle cells or vascular cells. 

Characterization of TTMP-1 mRNA expressing cells 

To test whether the TTMP-1 mRNA positive fibroblast-like cells 
could be (myo)fibroblasts and/or macrophages, sections from 4 
colorectal adenocarcinomas and the malignant lymphoma were . 
first immunohistochemicalJy stained with antibodies directed 
against a-sm-actin [for detection of myofibroblast/smooth muscle 
cells (SMC)] or CD68 (for detection of macrophages) and subse- 
quently incubated with a TIMP-1 mRNA antisense probe. In 
normal colon tissue, a-sm-actin is expressed by vascular smooth 
muscle cells, smooth muscle cells of lamina muscularis mucosae 
and tunica muscularis as well as pencryptal myofibroblasts. 3 ? In 
colon tumors, a-sm-actin is expressed by tumor-associated fibro- 
blast-like cells; located throughout the tumor stroma, which are 
defined as myofibroblasts. No TTMP-1 mRNA was detected in any 
a^sm-actin positive smooth muscle cells, including those of the 
vessels, the lamina muscularis mucosae and the tunica muscularis. 
In addition, no TIMP-1 mRNA was detected in the a-sm-actin 
positive pericryptal myofibroblasts of me lamina propria in any of - 
the 5 lesions. TIMP-1 mRNA signal was in contrast seen in 
a-srh-actin-posiuve tumor associated myofibroblasts located at the 
invasive front of the colon cancers. In 3 of the adenocarcinomas, 
more than 80% of TTMP-1 mRNA-positive cells located close to 
the invadino cancer cells were a-sm-actin-positive (Fig. 4). 
TIMP-i mR?3A positive fibroblast-like cells located more distant 
from the invasive cancer cells, towards the submucosa, expressed 
little or no a-sm-actin. In 1 adenocarcinoma and in the malignant 
lymphoma approximately 50% of the TIMP 1 mRNA positive cells - 
expressed a-snvactin. Thus, the TTMP-1 mRNA expressing cells 
constitute a subpopularion of tumor-associated myofibroblasts lo- 
cated at the invasive front of the rumor. No TTMP-1 mRNA signal 
could be identified in any of the CX>68-positive cells (Fig. 4). 

Expression of TIMP-1 and MMP-2 and 9 in colon cancer 

MMP-2 and MMP-9 are 2 type IV collagenases expressed in the 
invasive cancer tissue of colorectal adenocarcinomas. Thus 
MMP-2 has been reported to be expressed by fibroblast- like cells 
in the cancer stroma, 1 2 - 3 • and MMP-9 by macrophages at the 
leading edge of the invasive cancer. 3S To directly compare the 
expression patterns of MMP-2 and MMP-9 with that of TIMP-i, 
adjacent sections from 5 colorectal adenocarcinomas were hybrid; 
.ized with probes for TIMP-1, MMP-2 and MMP-9 niRNAs. We 
found that the expression of TTMP-1 mRNA was localized char- 
acteristically at the invasive front of the growing tumor, whereas 
the expression of MMP-2 mRNA was roost intense in the central 
areas, showing decreased expression towards the invasive front ■ 
(fig. 5a). MMP-9 mRNA expressing cells were found ai tbe 
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Figure 2 -Jn situ hybridization arid immunohistochemisuy for TIMP- 1 in human colon cancer. (A) Twoadjaeent sections from a human colon 
adenocarcinoma were incubated with polyclonal antibodies against TIMP- J (a,c) and a TXMP-1 mRNA an ti sense probe (b). The TIMP-1 : 
i)Tununoreactivity (red-brown color, arrows in a and c) and the TIMP-1 mRNA (silver grains, arrows in b) are identified in the same cells (arrows 
in a,b). Immunoperoxidase staining with the TIMP- 1 pAb reveals the TIMP- 1 positive cells as nbroblast-iike cells (arrows inc) located m the 
stroma (St). No TIMP-) immnnoreactiviry is seen in cancer cells (Ca). a, b: bars = 50 ujp; c: bars =13 pin. {B) Four consecutive adjacent 
sections were incubated with CalB2 MAb anti-TIMP-] (a), NM4 MAb (b\ sheep ami TIMP-1 pAb (c) or mouse anti TNP {d). The 3'MAbs 
were detected with Envision reagent followed by TS amplification and the sheep pAb with bio tiny la ted rabbit anti-goat followed by 
HRP-conjugated streptavidin (see Material and methods). The 3 TIMP-1 antibodies react with the same cells (arrows); No irrnnuricVeactivity js 
seen when the sections are incubated with anri-TNP. 



invasive front like those expressing TIMP- 1 mRNA but with a 
distinctly different distribution. Foci with high expression of 
TIMP- 1 mRNA were not accompanied with increased expression 
of MMP-9 mRNA and vice-versa (Fig. 5b). Thus, TIMP-1 mRNA 
expression is not coregvlated with MMP-2 or MMP-9 mRNA 
expression. 

TJMP-1 in . adenomas and Dukes' stage A carcinomas 

TIMP-1 antigen can readUy_be measured ;n blood. and we have 
previously reported that levels" of TIMP- 1 in blood ore significantly 



elevated in colorectal cancer patients compared to healthy donors 
and that high plasma TIMP-1 levels are associated with short 
survival of colorectal cancer patients. 21 - 36 TIMP- 1 has therefore 
been suggested to be a novel marker for detection of early stage 
colorectal cancer and for prognostic stratification of colorectal 
cancer patients. 21 - 39 These findings, together with the characteristic 
expression pattern of TIMP- 1 at the invasive front of virtually all 
the colon cancers and the absence or minute TIMP- 1 expression in 
normal and benign colon mucosa, prompted the evaluation of 
TIMP-1 expression as a marker for early invasive colon cancer. 
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J^^^^f 6 \lt^ °i f •'"F" 1 in human colon cancer. Sections were incubated with an Mtiscnsc'p^bc'for'TIMP^ 

mRNA The TIMP-1 mRNA signal 1S demonstrated in brightfield (o-c) and darkheld (d-fi The TIMP-1 mRNA iThiahW ^r!m«l^ 

parts of the cancer area (Ca). and m me submucosa (Sm). The normal mucosa (indicated by Mu in b and e) ».iie«^-A^*^ wSSfi^n 




his^hemistr^n^ mRNA ^^J^f 068 humaD COl ° ri cancer - Secl > ons were firsl I™**** ^ Jnrniuno^ 

sS S^ o-sm-actm (a) or CD68 (*) and subsequently by in siru hybridization using the fl 04 TIMP-1 

m^fibmblSlack^ with a-sn>aain immunoreactivity in fibroblasl-like cells that are considered as. 

X ffi a l ' m ™»°™ c '™* Jf m the TlMP r J mRNA positive cells (black arrows in *) in an 

T1MM «^ ,0 bX N ° le S ° me ° f IhC ™™^P°*™ myofibroblasts have little or no 



Therefore,, we compared TTMP-1 mRNA expression.^ an addi- 
tional 6 colorectal adenomatous polyps with the expression in an 
additional 8 Dukes* stage A colorectal adenocarcinomas. TIMP-1 
mRNA signal was detected in 2 of the 6 adenomas, whereas all 8 
Dukes' stage A carcinomas showed TIMP-1 mRNA signal at the 
invasive front % 6). In I positive adenoma (pedunculated type), 
TIMP-1 mRNA expression was confined to a single focus in 
fibroblast-like cells associated with focal stromal inflammation 
(Fig. 6). However, histological analysis of additional sections from 
this sample clearly revealed disruption of the dysplastic epithelium 
m the same area. In the other TIMP-1 mRNA positive adenoma 
(sessile, type), a few TIMP-1 mRNA expressing fibroblasts were 
located around small ^arteries not directly associated with the tumor 
area (data not shown;, . ' ' 



Taken together, all of rhe 9 Dukes' stage A carcinomas analyzed 
showed TIMP-1 mRNA expression in myofibroblasts located at 
the invasive front of the rumors, whereas expression was delected 
in only 3 of 7 adenomas, and in these was seen in fibroblast-Iike 
cells associated with focal inflammation at the epitbeljal-stromaj' 
interface in 2 of the cases and with arteries in the submucosa in 1 
case. 



Discussion 

. Our study was undertaken to clnrifv the expression and cellular 
localization of the MMP inhibitor T1MP-! in human colon ade- 
nocarcinomas. Our studies were founded on the use of 2 specific 
antisense RNA probes derived from 2 nonoverjapping TIMP-1 
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Figure 5 - In situ hybridization for TIMP- 1 , MMP-2 and MMP-9 in 
human colon cancer. (4) Adjacent sections were incubated with probes 
specific for TIMP- 1 mRNA foe) and MMP-2 mRNA fad), respec- 
tively, and is shown in brigbtfield {a,b) and darkfield illumination 
{c.d). The TTMP-1 mRNA signal increases towards the submucosa 
(Sm) whereas the MMP-2 mRNA signal decreases and is most intense 
in the centra) areas (Ca). (B) Adjacent sections were incubated with 
probes specific for TIMP-1 mRNA (o,c) and MMP-9 mRNA {b,d) y 
respectively,, and is here shown in bright field (a,b) and darkfield 
illumination ic,d). Both the TIMP-1 mRNA' signal and the MMP-9 
mRNA signal are most intense at the invasive front towards the 
submucosa (Sm), but their expression patterns are quite different, with 
MMP-9 showing the most restricted expression. Bars = 100 u.m. 



cDNA fragments and specific pAb and MAbs against human 
TTMP-1. The TTMP-1 mRNA signal in all colorectal adenocarci- 
nomas investigated was seen in fibroblast-like cells located in the 
tumor periphery. An identical hybridization partem was observed 
with the 2 antisense T1MP-J probes and application of comple- 
mentary sense probes on neighboring tissue sections as negative 
controls did not result in any hybridization signal, therefore, we 
conclude that the hybridization signal generated with the antisense 
probes represents the genuine TIMP-1 mRNA. TIMP- 1 immuno- 
reactivity was also distinctly located in fibroblast -like stromal cells 
in_ihe_tumor periphery, and these cells were identified to be the 
same cells as the TIMP- 1 mRNA expressing cells. A preparation 



of sheep pAb against human TIMP-1 35 and 2 well-characterized 
MAbs stained the very same cells in the tumor stroma.. Weak 
staining of the apical surface of some normal and malignant 
epithelial cells was observed with the pAb in some of the samples; 
No staining was obtained when the anti-TIMP : l antibodies were 
substituted with noniinmune goat serum or anti-TNP MAb incu- 
bated at the sarne concentrations. These inuriuiiofcstcKto . 
&Kfings strongly suggest that the TiMP-I antigen detected in the 
fibroblast-like cells represents me genuine TT^-1 r^oteiii; 

In our study, we found TIMP-1 mRNA expression in stromal 
fibroblast-like cells located in the tumor periphery in all colorectal ' 
adenocarcinomas tested, whereas no expression was detected in 
the. cancer cells in. any -of the cases tested." This finding is in 
agreement with studies by Zeng and colleagues, 12 * 20 but is partly in 
disagreement with findings by Newell and colleagues. 27 In addi- 
tion to TTMP-1 mRNA signal in filsroblast-like cells in the tumor 
_pmpte^_^^ detected a weak TTMP-1 

mRNA signal in both benign and malignalt epithelial ce)ls. w This 
observation .was, however, based on the use of probes from a 
5m^e TIMP-1 cDNA subclone and no additional controls- to verify 
the expression pattern The difference between out results and : 
those of Newell and colleagues may be explained by methodolog- 
ical differences, since the procedure employed, by Newell and 
colleagues was in several steps different from the one used in the 
present study, Newell and colleagues used ^-labeled probes; ":. 
whereas we used 35 s -4abeled jirpbes. It is in this context notewor- 
thy that in order to look for a low expression level of TTMP-1 
mRNA, we performed in situ hybridization experiments with pro- 
longed exposure time (10 days vs. usually 5 days) with both our 
TTMP-1 antisense probes and both TTMP-1 sense probes, but with 
this challenge we did not detect any TTMP-1 mRNA in any 
epithelial cells. It cannot be excluded though that the TTMP-1 
mRNA is expressed in epithelial cells below the detection limit of 
our in situ hybridization procedure. 

An interesting observation in our study was the characteristic 
intense TTMP-1 mRNA and protein expression in the tumor pe- 
riphery of all colon adenocarcinomas, while bttle or no expression 
was seen in the center of the carcinomas. Only in the colorectal 
lymphoma did we find TTMP-1 mRNA and protein expression in 
fibroblast-like cells located throughout the tumor tissue. The 
TTMP-1 expression pattern in the colon adenocarcinomas is in 
contrast to the expression pattern reported by Hewitt and col- 
leagues, 19 who found that the TTMP-1 staining in most colorectal 
adenocarcinomas was equally intense in fibroblasts throughout the 
tumors and that some of the cases even showed decreased TTMP-1 
signal intensity towards the tumor periphery. This difference may 
be explained by possible cross-reactivity of the polyclonal anti- 
bodies employed by Hewitt and colleagues or that Hewitt and 
colleagues employed cryostat sections, while we analyzed paraffin 
sections. 

The TTMP-J expressing cells had a fibroblast-like morphology 
and using combined in situ hybridization for TTMP-1 mRNA and 
inimunohistochemistry for a-sm-actin, we found that many, gen- 
erally more than 50%, of the TIMP-1 mRNA positive cells coex- 
pressed a-sm-actin. According to the cellular morphology of the 
TTMPT expressing cells and their localization in the invasive 
front, we could conclude that the cells were myofibroblasts and not 
smooth muscle cells. 

The myofibroblast is a cell type present in the normal colon 
mucosa, that originally was described as a peri crypt al fibro- 
blast 3740 and later was identified with antibodies against a-sm- 
actin. 37 In the lamina propria, me myofibroblasts form a continu- 
ous cell layer just below the intestinal epithelium. The pericryptal 
myofibroblasts are phenotypically different from the neighboring 
quiescent interstitial fibroblasts that do not express markers of 
smooth muscle cells. 41 During early steps of colonic turn oogenesis 
the number of myofibroblasts is significantly increased. 41 The 
TIMP-1 expressing myofibroblasts may be generated after activa- 
tion of the pericryptal myofibroblasts and/or the quiescent inter- 




1 in colon adenoma and Dukes* stage A adenocarcinoma. Sections from a moderate dysplastic 
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Figure 6 -In situ hybridization for UMP 
sessile adenoma of the colon (o-c) and a Dukes A colon carcinoma [d-j) were Hybridized witn I1MP-I antisense {aj> and d y e) and sense (c f f) 
probes, shown in brightfield (a and d) and darkfield illumination (fr,c and e j). Inserts in a and d show virtually the whole tissue section with 
ting the magnified area. UMP- 1 mRNA exnression is confined to a single focus in thft adrnnma fftrrnwc in n h\ wKfwne tK* 



r~ — » "» ^i^'^eja \a ana ay ana aarxneia UJummanon \b y c and e t J). Inserts in a and d show virtually the whole tissue section with 

the arrow indicating the magnified area. UMP- 1 mRNA expression is confined to a single focus in the adenoma (arrows; in aj>\ whereas the 
ted along the invasive front in the Dukes' A colon carcinoma (arrows in d t e). {aHjy: bar = 200 |un. Bar in inserts = 



TTMP-1 mRNA is detected along 
1,250 urn. 



stitial fibroblasts. Adegboyega and colleagues 41 hypothesized that 
the- tumor- associated myofibroblasts originate from the quiescent 
interstitial fibroblasts of the lamina propria, rather than from peri- 
cryptal myofibroblast or smooth muscle cells, which may help to 
explain why we found some of the TTMP-1 mRNA expressing 
fibroblast-like cells a-srn-actin-posirive and some o>sm-actin-neg- 
ative. 

Several MMPs including MMP-2, MMP-11 and MMP- 14 are 
expressed by fibroblast-like cells in human colon cancer, 2731 '* 2 - 44 
some of which may indeed be myofibroblasts. The role of the (myo-) 
fibroblasts in colon cancer progression is not known. Since TIMP-1 in 
human colon cancer appears only to be expressed by fibroblast-like 
cells most of which are myofibroblasts, and since high TTMP- 1 levels 
measured in blood or tumor extracts from colon cancer patients, are 
• strongly associated with a poor prognosis, 20 - 1 27 it could be argued 
that the TiMP-1 expressing myofibroblasts play a tumor-promoting 
role. Inimunohistochemical localization studies of proteins involved, 
in the activation and regulation of the efficient serine protease plas- 
minogen, including urokinase plasminogen activator (uPA) and its 
specific inhibitor PA1-1 show that both are mainly expressed by 
myofibroblasts in human breast cancer. 45 - 46 High levels of uPA and 
PAJ-1 are strongly correlated with poor prognosis in breast can- 
; cer, 4 ' 1 - 4 * supporting the assumption that the myofibroblast express a 
promoting role in cancer invasion. We recently reported that the 
predominant PAJ-1 expressing cell in human colorectal cancer also is 
the myofibroblast, 4 '-* and earlier studies indicated that elevated levels 
; of PAJ-1 in colon cancer patients are associated with poor progno- 
sis. 25 Together these findings indicate that myofibroblasts cu e strongly 
contributing to the expression of proteins involved in the regulation of 
extracellular matrix degrading proteases that facilitate cancer invasion 
and metastasis. 

A particularly interesting finding of the present study was the 
absence of TlMP-l-mRNA in 4 of 7 adenomas, whereas in all of 
9 Dukes'.stage A carcinomas the TIMP-1 mRNA was expressed in 
fibroblast-like cells along the invasive front. In the 2 benien lesions, 
in which the TIMP-1 mRNA was seen in the adenoma"" oren, .the 



TTMP-1 mRNA positive cells were confined to a single focus with 
locally increased inflammation related to the dysplastic epithelium. 
Evident disruption of the dysplastic epithelium was observed in the 
adenoma with most intense TTMP-1 mRNA signal. Intestinal in- 
flammation may be caused by disruption of the mucous epithelium 
that leads to focal leakage of mucinous colon material into, the 
lamina propria. Increased intestinal permeability is a common 
deficiency in Crohn's disease and interestingly TIMP 1 -! mRNA 
was found in the intestinal granulation tissue of Crohn's disease 50 
and is expressed by myofibroblasts isolated from Crohn's dis- 
ease. 31 Induction of TIMP-1 in myofibroblasts in a benign or 
preinvasive tumor may also be a response to locally increased 
MMP activity or a response to the presence of a specific MMP in 
the local microenvironment. MMP-2 and MMP-9 mRNA expres- 
sion, however, did not appear to be cpregulated with TIMP-1 
mRJVA expression in the colorectal adenocarcinomas. Specific 
MMPs may indeed be involved in the transition of noninvasive to 
invasive disease; in studies of preinvasive lesions (ductal carcino- 
mas in situ) of the human breast we recently reported that MMP-13 
is specifically expressed in myofibroblasts associated with micro- 
invasive events. 32 Future studies may clarify whether TIMP-1 
expression in colorectal adenomas is correlated with expression of 
specific MMPs, cytokines and/or growth factors, such as TGF-pl . 
and TGF-p251 , and whether TIMP-1 can be used as a histopatho- 
logical marker for malignancy in colorectal tumors. 
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^tottdfari ceUs geD aCtiVat0F iDdl|Ced ^ dCngUe VirUS h,feCti0n ° f httman 

Depaitment of Microbiology and Immunology, College of Medicine, National Cheng 
Kung University, Tainan, Taiwan, ROC. g 

Dengue hemorrhagic fever and dengue shock syndrome (DHF/DSS) are severe 

, C nT,SfT ° f dCngUe V 7 S (DV) infeCti0n - However « the Pathogenesis of hemorrhage 
induced by dengue virus infection is poorly understood. Since endothelial cells ph™ 
ptvotal role in the regulation of hemostasia we studied the effect of DV infec on on the 

Zt 1«» T ° ^ h V °T y iS ° lated endotheIial taan umbilical cord veins 
cells, and a human microvascular endothelial cell line. DV infection significantly induced 
the secretion of tPA but not PAI-1 of human endothelial cells. In additi^ tM mRNA of 
endothelial cells was induced by DV as demonstrated by RT-PCR AnSdv aeTinsV n 6 

h F J~' f. g^orrelation between sera levels of IL-6 and tPA was found in DHF 

, P f T • J^f ^ SUg8CSt that IL " 6 can DV-induced tPA 

production of endothelial cells, which may play important roles in the pathogenic 
development of DHF/DSS. Copyright 2003 Wiley-Liss, Inc. P aUlo 8 enic 
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Neu oncogene expression in ovarian tumors: a quantitative study. 
Huettner PC, CgrgeyWP, NabgrSP, DeLelljsJRA, Membrino W WnUVgj 
Department of Pathology, Tufts University School of Medicine, Massachusetts. 

cloture m^L^ "Tf Sl0t bl0t 3na,ySiS 3rtd Pr ° tein P roduct ex P res ^n by 
capture ELISA and immunohistochemistry in 57 primary and metastatic ovarian 

neoplasms, two paraovarian leiomyosarcomas, and eight normal ovaries. Some 61% of 

ovanan tumors but none of the paraovarian neoplasms or normal ovaries overexposed 

neu mRNA. A total of 96% of the ovarian tumors that overexpressed neu were of 

epithelial type. Epithelial ovarian tumors had significantly higher amounts of the neu 

oncogene product as determined by capture ELISA than either germ cell and stromal 

tumors or normal ovaries (p less than 0.025). Different subtypes of ovarian carcinomas 

h^d significantly different amounts of neu oncogene product as measured by capture 

ELISA; endometrioid tumors had the highest, and poorly differentiated carcinomas not 

otherwise specified had the lowest (p less than 0.025). ELISA values mRNA 

overexpression, and immunohistochemical staining intensity did not correlate with stage 

at diagnosis or architectural or nuclear grade in ovarian tumors. We conclude that caprore 

ELISA is a simple, effective way to measure the neu oncogene protein product and that 

there is a good correlation between ELISA levels and immunohistochemical staining 

intensity. However, ELISA values did not correlate with stage or histologic prognostic 

factors in ovarian neoplasms. 
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Elevation of topoisomerase I messenger RNA, protein, and catalytic 
activity ^n human tumors: demonstration of tumor-type specificity and 
implications for cancer chemotherapy. 

Husainj, Mohl er JL , Seigter HF. Besterman JM 

dSSvT 0 1 b6en * entified 3S mitol,u,ar, ^ of camptothecin,aplant 
f«t t Z * ^.^-fhvity. Various lines of evidence suggest that the sensitivity of 
celk to this drug is directly related to the topoisomerase I content. In humans, the levels 
of topoisomerase I have been shown to be elevated in colorectal tumors, compared to 
normal colon mucosa. The aim of our study was to determine whether (a) topoisomerase 
levels are elevated m other solid tumors, (b) the elevated enzyme is catklytically active 
in these tumors, and (c) the increase in topoisomerase I levels in colorectal tumors is a 
result of increased transcription or translation. Topoisomerase I levels were quantitated in 
crude extracts from colorectal, prostate, and kidney tumors and their matched normal 
counterparts by Western blotting and by direct determination of catalytic activity and 
mRNA levels were determined by Northern blotting. By Western blotting, colorectal 
tumors showed 5-35-fold increases in topoisomerase I levels, compared to their normal 
colon mucosa In the case of prostate tumors, the increase was 2-10-fold, compared with 
benign hyperplastic prostate tissue from the same patients. However, no difference was 
observed m topoisomerase I levels in kidney tumors, compared to their normal 
counterparts. The catalytic activity of topoisomerase I was determined by a quantitative 
32P-transfer assay in crude homogenates, without isolating nuclei. Colorectal and 
prostate tumors exhibited 1 1-40- and 4-26-fold increases, respectively, in catalytic 

, activity. However, kidney tumors did not show any alteration in catalytic activity 
compared to their normal matched samples. Thus, for all three tumor types there was a 
good correlation between enzyme levels and catalytic activity. Finally, colorectal tumors 
were analyzed for steady state mRNA levels. A 2-33-fold increase in mRNA levels was 
round in colorectal tumors, compared to normal colon mucosa. These results suggest that 
alterations m topoisomerase I expression in humans are rumor type specific and that the 

increase in topoisomerase I levels results from either increased transcription of the 

topoisomerase I gene or increased mRNA stability. 

PMID: 8275492 [PubMed - indexed for MEDLINE] 
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Developmental regulation of acidic fibroblast growth factor (aFGF) 
expression in bovine retina. 

Jacquernin g , JgnetL, OjiyerL, jBugraK, I^ureDtM, CgjnjojsY, JeannxjC. 
Unite de Recherches Gerontologiques, U. 1 1 8 INSERM, Paris, France. 

Acidic fibroblast growth factor (aFGF) is a signaling molecule implicated in a wide 
variety of biologtcal processes such as cell growth, differentiation and survival. It has 
been purified from bovine retina: The present study was carried out to detect which cells 
ui the bovine retina expressed aFGF at the different stages of embryonic and post-natal 
development. The specific aFGF mRNA and protein were detected by in situ 
hybridization employing riboprobes and immunocytochemistry using affinity purified 
polyclonal human recombinant aFGF antibodies respectively. No signal was detected by 
either technique until 4-5 months and then there was progressive expression of aFGF 
with terminal morphogenesis of the retina. By 8-9 months of embryonic development 
nuclei of the 3 neuronal layers (ganglion cell layer, inner and outer nuclear layers) were 
aH uniformly and intensely labeled. A slight labeling of the pigmented epithelium of the 
retina was also visible throughout development and maturation. These results showed a 
good correlation between message and protein expression in these cell types. In contrast 
glial cells in the nerve fiber layer and vascular endothelial cells displayed a nuclear 
immunostaimng for the protein in the absence of message. These data suggest that aFGF 
plays a role in the late steps of retinal differentiation by autocrine and paracrine 
mechanisms. ■ ■ . * 
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The p21(Cipl) protein, a cyclin inhibitor, regulates the levels and the 
intracellular localization of CDC25A in mice regenerating livers. 

JaimeM, Pujol MJ, Serratosa J Pantoja C, Canela N. Casanovas O. Serrano M 
Agell N. Bachs O ~ * 

Department of Cell Biology and Pathology, Faculty of Medicine, Institut d'Investigacions 
Biomediques August Pi Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain. 

Liver cells from p21 (Cipl -/-) mice subjected to partial hepatectomy (PH) progress into 
DNA synthesis faster than those from wild-type mice. These cells also show a premature 
induction of cyclin E/cyclin-dependent kinase (CDK) 2 activity. We studied the 
mechanisms whereby cells lacking p21 (Cipl) showed a premature induction of this 
activity. Whereas the levels of CDK2, cyclin E, and p27(Kipl) were similar in both wild- 
type and p21(CipW-) mice, those of the activator CDC25A were much higher in 
p21(Cipl-/-) quiescent and regenerating livers than in wild-type animals. Moreover, 
p21(Cipl-/-) cells also showed a premature translocation of CDC25A from cytoplasm 
into the nucleus. The ectopic expression of p21(Cipl) into mice embryo fibroblasts from 
p21 (Cipl-/-) mice decreased the levels of CDC25A and delayed its nuclear translocation. 
The levels of CDC25A messenger RNA in p21(Cipl-/-) cells were higher than in wild- 
type cells^ suggesting that this increase might be responsible, at least in part, for the high 
levels of CDC25A protein in these cells. Thus, the results reported here indicate that 
p21(Cipl) regulates the levels and the intracellular localization of CDC25A! We also 
found a good correlation between CDC25A nuclear translocation and cyclin E/CDK2 
activation. In conclusion, premature translocation of CDC25 A to the nucleus might be 
involved in the advanced induction of cyclin E/CDK2 activity and DNA replication in 
cells from animals lacking p21(Cipl). 
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Alteration of frizzled expression in renal cell carcinoma. 
J anssens N, Andries L. Janicot M. Perera T. Bakker A . 

Department of Biochemistry, University of Antwerp, Wilrijk, Belgium 
njansse9@prdbe.jnj.com 

To evaluate the involvement of frizzled receptors (Fzds) in oncogenesis, we investigated 
mRNA expression levels of several human Fzds in more than 3 0 different human tumor 
samples and the ir corresponding (matched) normal tissue samples, using readme 
quantitative PCR. We observed that the mRNA level of Fzd5 was markedly increased in 
U oil 1 renal carcinoma samples whilst Fzd8 mRNA was increased in 7 of 1 1 renal 
carcinoma samples. Western blot analysis of crude membrane x fractions revealed that 
*zd5 protein expression in the matched tumor/normal kidney samples correlated with the 
observed mRNA level. Wnt/beta-catenin signaling pathway activation was confirmed by 
the increased expression of a set of target genes. Using a kidney tumor tissue array Fzd5 
protein expression was investigated in a broader panel of kidney tumor samples Fzd5 
membrane staining was detected in 30% of clear cell carcinomas, and there was a strong 
correlation with nuclear cyclin Dl staining in the samples. Our data suggested that altered 
expression of certain members of the Fzd family, and their downstream targets, could 
provide alternative mechanisms leading to activation of the Wnt signaling pathway in 
renal carcinogenesis. Fzd family members may have a role as a biomarker. 

PMID: 15557753 [PubMed - indexed for MEDLINE] 
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Abstract 

To evaluate the involvement of fri22led receptors (Fzds) 
in oncogenesis, we investigated mRNA expression lev- 
els of several human Fzds in more than 30 differ- 
ent human tumor samples and their corresponding 
(matched) normal tissue samples, using real-time quan- 
titative PCR. We observed that the mRNA level of Fzd5 
was markedly increased in 8 of 11 renal carcinoma sam- 
ples whilst F2d8 mRNA was increased in 7 of 11 renal 
carcinoma samples. Western blot analysis of crude 
membrane fractions revealed that F2d5 protein expres- 
sion in the matched tumor/normal kidney samples corre- 
lated with the observed mRNA level. Wnt/p-catenin sig- 
naling pathway activation was confirmed by the in- 
creased expression of a set of target genes. Using a- kid- 
ney tumor tissue array, Fzd5 protein expression was 
investigated in a broader panel of kidney tumor samples. 
Fzd5 membrane staining. was detected in 30% of clear 
cell carcinomas, and there was a strong correlation with 
nuclear cyclin D1 staining in the samples. Our data sug- 
gested that altered expression of certain members of the 



Fzd family, and their downstream targets, could provide 
alternative mechanisms leading to activation of the Wnt 
signaling pathway in renal carcinogenesis. Fzd family 
members may have a role as a biomarker. 

: Copyright © 2004 S, Kirger AG, Basel 



Introduction 

The Wnt signaling pathway is evolutionary conserved 
and controls many events during embryonic develop- 
ment. Members of the Wnt gene family of secreted glyco- 
proteins are involved in embryonic induction, generation 
of cell polarity, cell proliferation and the determination of 
cell fate (I, 2]. Recently, it has become evident that the 
Wnt pathway is also deregulated in a range of tumors [3J. 

The Wnt signaling pathway is activated when Wnt pro- 
teins bind to a cell surface receptor complex consisting of 
a member of the frizzled receptor (Fzd) family and either 
low-density-lipoprotein receptor-related protein (LRP)5 
or LRP6 [4, 5J. A detailed characterization of the Fzds 
and the immediate downstream events after Wnt binding 
has been hampered by the lack of pure biologically active 
Wnts. 

Downstream of the receptor complex, three pathways 
may be initiated, depending on the composition of the 
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ligand and receptor complex. The *Wnt/0-catenin path- 
way*, the *Wnt/Ca 2 * pathway' or the Wnt polarity path- 
way* {6J. The Writ/fJ-catenin pathway has been linked to 
carcinogenesis. Generic alterations in components of this 
pathway (adenomatous polyposis coli, APC, axin and fJ- 
catenin)can result in the accumulation ofnon-phosphory- 
lated 0-catenin [3, 7] and this can promote carcinogenesis. 
Conversely, neither the Wnt/Ca 2+ pathway nor the Wnt 
polarity pathway involves the activation of 0-catenin [for 
review, see ref I, 6). 

Mutations in one of the three regulatory genes (APC, 
p-catenm and axin), overexpression of Wnts and Fzds or 
the expression of a constitutively active Fzd have been 
. linked to Wnt/J)-catenin pathway activation in various 
tumors [8, 9]. 

To evaluate the involvement of Fzds in oncogenesis, 
we investigated rnRNA expression levels of several hu- 
man F2ds <Fzd2, 3, 5, 6, 7, 8 and 9) in more than 30 differ- 
ent human tumor samples using real-time quantitative 
PCR. Each sample was compared with its corresponding 
(matched) normal tissue sample. The most striking obser- 
vation was the dramatically increased Fzd5 and Fzd8 
rnRNA expression seen in the renal carcinoma samples. 
This was confirmed at the protein level using Western 
blotting. Kidney tumor tissue arrays confirmed Fzd5 
membrane staining in 30% of clear cell carcinomas, with 
nuclear cyclin Dl showing a strong correlation with the 
Fzd5 membrane labeling. Fzd8 protein expression analy- 
sis was not performed due to the Jack of suitable reagents. 
These data suggest that Fzd5 may have a role in renal cell 
carcinogenesis due to its frequent overexpression obr 
served in these tumor samples. Potential future applica- 
tions could include uses in tumor targeting or as a poten- 
tial biomarker. 



Materials and Methods 

j ■ 

Tissite Samples 

Fro2cn tumor tissue samples with corresponding normal tissue 
from the same patient were derived either from human biopsy, or 
autopsy material (Department of Pathology, University of Antwerp, 
kindly provided by Prof. E. Van Marck). Tissue specimens were 
snap-frozen in liquid nitrogen and kept at -80°C until use. Frozen 
sections of kidney tumor and normal tissue samples were stained 
with hcmaioxylin-eosin to support the pathologist's observations and 
to confirm the type of kidney tumor. Paraffin-embedded tissue slides 
of renal carcinoma, lung carcinoma, breast and cplon carcinoma 
were obtained, after encryption, from the Department of Pathology 
(Middelheim Hospital. Antwerp. Belgium). The CLi human kidney 
coneer (SuperBioChips Laboratories) tissue array used in this study 
contained 59 tissue samples consisting of 9 normal kidney tissues. 



30 clear cell renal carcinoma samples and another 20 renal cell tumor 
types (chromophil* chromophobe, papillary type, collecting duct car- 
cinoma and samples with mixed types). 

RNA Isolation and Reverse Transcription 
Total RNA was extracted from tissue specimens using Ultras pec 
Reagent (Biotecx, USA) according to the manufacturers instruc- 
tions. All total RNA was routinely treated with DNase (DNA-free kit, 
Ambion, USA). 1 ug of total RNA was used to synthesize cDNA 
using oligo-dT primers (Superscript; Invitrogen, Merelbeke* Bel- 
gium). Reverse transcription was performed at 42 *C for 60 min, fol- 
lowed by 70* C.for 10 min. 

Real-Time PCR . ■ / 

Real-time PCR was performed on either an AB1 Prism 7700 or 
7900 Sequence detection system (Perkin-Bmer Applied Biosystems, 
Foster City, Calif., USA) using the 5' nuclease assay (Taqman™V 
Primer and probe sequences were designed using Primer Express (PE 
Applied Biosystems) and are shown in table I. Quantitative values 
were obtained from the threshold cycle number (Ct) at which the 
increase in the signal associated with exponential growth of PCR 
products is delected using PE Biosystems analysis software, accord- 
ing to the manufacturer's instructions. 

We have used the 2" A AO method to analyze the relative changes 
in gene expression of the different genes between tumor and corre- 
sponding normal tissue samples. We used the mitochondrial ATP 
synthase 6 (ATPsy6) as the endogenous RNA control 1 1 0; Jstnsscns et 
al., in prep.}, and each sample was normalized to its ATPsy6 content. 
The relative expression of the target gene was also normalized to the 
corresponding normal tissue sample (Calibrator). Results, expressed 
as the amount of target sample relative to the ATPsy6 gene and the 
calibrator, were determined as follows, N = 2-i&w™p±- *c^*>™\ 
where the ACt values of the sample and calibrator were determined 
by subtracting the average Ci value of the sample and the calibrator 
from the average Ct value of the ATPsy6 gene. Amplification was 
done essentially as described previously (1 0J. Briefly, 50 pi of reac- 
tion mixture containing 1 pi of cI>NA template were amplified as 
follows: incubation at 50 *C for 2 min, denaturatjon at 95 *C for 
1 0 min, and 50 cycles at 95 °C for 15 sand 60* C for V mm. 

Membrane Preparation. Gel Electrophoresis and Jmmunobloning 
Tissue samples were weighed, suspended at a 40 times dilution 
1= 40 volumes/original wet weight of tissue (v/w)J in 50 mM Tris- 
HCI buffer, pH 7.4, and homogenized with an Ultra-Turrax homoge- 
nizes Aftercentrifugation for 10 min, 24,000 £ at 4*C, the pellet was 
washed ihree times by resuspension in the Tris-HCl buffer followed 
by centrifugal ion. The final membrane pellets were stored at -80*C 
in the Tris-HG buffer at a concentration of 0.5-1 rog/ml. The Brad- 
ford protein assay (Pierce, Aalst, Belgium) was used for protein deter- 
mination. Proteins (50 ug) were separated by 8% SDS-P AGE and 
transferred to nitrocellulose membranes. After primary and second- 
ary antibody incubation, the an t iger^aritibody- peroxidase complex 
was detected by cherriiluminescence (Pierce, Aalst, Belgium) accord- 
ing to the manufacturer's instructions. 

Immunohisiochemistry 

Immunohistochemistry was performed on 10-p/VAthick cryoscc- 
tions of unfixed tumor tissue and on 6-pA/-thick paraffin "sections 
from renal tumor tissue fixed by formalin or by an alcohol-based fixa- 
tive. Adjacent tissue blocks from renal tumors were processed with 
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Table 1. Real-time PCR primer and probe sequences 



TargeicDNA 


Primer/probe sequences* 


Fragment 

POSUKNI 


Accession 
no. 


F2D2 


(a) 5'-atcecgigcccggc-3' 

(b) 5'-giamgatc3tglagaccgtgaagic-3' 

(c) 5'-FAM*tacacgccgcgcatglcgc-TAMRA-3' 


1,548-1,613 


AB017364 

* 


FZD3 


(a) 5Mcacgccagtgcatggg«3' 

(b) 5'-ttgtcaccttcaaUttaticatcg-3' 

(c) 5*-FAM-catccccggaactct3accaicatcct»t-TAMRA-3' 


1,473-1547 


. AB039723 


F2D5 


(a) 5*-tgccaaggtcacttccgm-3' 

(b) 5Mctccaaglcgccgcg-3' 

(c) 5'-FAM-ccttcalggt£ctgUgccccc-TAMRA-3' 


2,143-2,204 


HSU43318 


F2D6 


(a) 5'-ctagcacccccaggUaaga£aa-3' 

(b) 5'-cccagagagtclggagatggat-3' 
{c)5 # -FAMMglggtgaacctgcctcgccag-TAMRA*3' 


2,094-2,170 


AF072873 


F2D7 


(a) 5'-cctgtggaaaggcataactgtg-3' 

(b) 5*-adccaacgggaaacctcaga*3' 

(c) 5*-FAM-aa£caacilt talaggcaaagcagcgcaa-TAMRA-3' 


2,687-2,762 


ABO) 7365 


FZD8 


(a) 5Mgtgglcggigctcigclt-3' 

(c) 5'-FAM-ccaccttcgccaccgtctcca-TAMRA-3' 


853-919 


* AB043703 


FZD9 


(a) 5'-ccccggg3gctacggac-3' * 

\uj j -lajjicaigigcaagaccacggo 

(c) 5*-FAM-tggcacgcactgccactata aggct-TAM RA-3* . 


1,696-1,763 


HSU82I69 


ATPsy6 


(a) 5'-ggtgtaggtgtgccitgiggi-3' 

(c) 5 -FAM-aagigggciagggcattiiiaaicuagagcg-TAM RA-3' 


580-503 


AF368271 


c-myc 


(a) 5'-accaccagcagcgaclctga-3' 

(b) 5Mccagcag3aggtg3iccagaer-3* 

(c) 5 ; -FAM-3ccttitgccaggagceigcctct-TAMRA-3- 


1.297-1,413 


HSMYC1 


Cyclin Dl 


(a) 5'-gaacctggccgcaalgac-3*- 

(b) 5'<gcctctggcattttgga~3' 

(c) 5'-FAM-ccgcacgamcattgaacacit-TAMRA-3' 


4,148-4,211. 


AF5 11593 


PPAR5 


(a) 5'-agcatectcaccggcaaa-3' 

<b) 5'-gtctcgatgtcgtggatcaca-3' 

(c) 5'-FAM-ccagccacacggcgeccl-TAMRA-3' 


932-990 


. NM-006238 


3 (a) =. Sense primer; (b) = an lisense primer; (c) = probe, 

b Fragment positions are given according to the EMBL/GenBank accession No. of cloned sequence. 
c EMBL/GenBank accession No. of cloned sequence. 



formalin and with the alcohol- based fixative. Paraffin and cryosec- 
tions were mounted on poly-l-lysine or 3-aminopropyIirietboxysi- 
lane-gelatin-coated slides. The 59 tissue samples on the CLI human 
renal cancer tissue array slides were, all fixed with formalin and 
embedded in para ffm. and the sections were mounted on siJane- 
coated slides (SuperBioChips Laboratories). In addition to renal car- 
cinoma tissue, sections from 10 formalin-fixed paraffin-embedded 
lung carcinomas were stained for Fzd5. Colon and breast tumors 



were used as positive controls for p-catenin and cyclin Dl immuno- 
staming. 

. The following primary antibodies were used; Fzd5 (Upstate Bio- 
technology), p-catenin (Zymed), cyclin PI (Zymed)." E-cadherin 
(Novacostra) and cyiokeratin 8 (Biogenex). Cryoseciions were fixed 
in 4% paraformaldehyde for 5 min; acetone for 5 min at -20°C and 
70% ethanol* for 5 min. Endogenous peroxidase activity was 
quenched using 3% HO?. Paraffin sections of formalin- and alcohol- 
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Table 2. Fzd mRN'A expression in tumor samples 



Sample 3 


Tissue 


Tumor type 


.vfoJd expression increase 5 
















FZD2 


FZD3 


FZD5 


FZD6 


FZD7 


FZD8 


JF2D9 


133702 


kidney 


* adenocarcinoma 


0.17 


0.5 


172 


2.13 


0.06 


J. 32 




137770 


kidnev 


renal celJ carcinoma 


123 


336 


836 


. 2.61 


1.3 


821 


• £44 


138844 


kidney 


renal cell carcinoma 


0.31 


0.11 


6.84 


IJ* 


0.23 


338 


2.8 


137146 


kidney 


renal celJ carcinoma 


0.47 


0.45 


116 


2.23 


0.73 


4.42 


1.37 


137564 


kidney 


. renal celJ carcinoma 


7 At 




O A 

y.o 


1.57 


7.64 


152 


- 


.,133408 


kidney 


renal eel) carcinoma 


23.97 


0.98 


639 


2.48 


5.05 


1632 


- * 




kidney , 


renal cell carcinoma 


3.7 


0.56 


0.66 


1.33 - 


0.37 


4A1 


133 


135699 • 


kidney 


renal cell carcinoma 


2.6 


0.36 


4.83 


00 




7 54 




1 39064 


kidney 


renal cell carcinoma 


5.16 


1.82 


1.25 


0 3fi 

— 


1.8 


X. J 


2.85 


134585 


kidnev 


renal cell carcinoma 


1.47 


0.72 


1.38 


0.47 


v. v y , 






140279 


kidney 


renal cell carcinoma 


733 


1837 


193 




6 41 


4 if'?' 




1 3/252 


ovary 


carcinosarcoma • 


0.4 


339 


0.49 


0.44 
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• Sample idcniifica lion numbers were given by the pathologist. 

b Results are expressed as x-lbld increase of the gene in the tumor tissue sample compared to its matched normal tissue sample after 
normalizing both samples on the basis of their ATPsy6 content. A cuioiTof 3-fold was used to define differential expression. Significant 
(>3>fold) increases in the expression level of the Fzd receptor are shown in italics. - - Expression of the target gene undetectable in one or both 
samples (tumor and/or normal). 



fixed tissue were processed with a I lypsin^ it rater microwave pre- 
treatment or with an EDTA- microwave prelreatment to unmask epi- 
topes, jespeclively. Sections were then sequentially processed with 
primary am ibodies. biptinylated secondary antibodies and streptav- 
idin-biotin-peroxidase (Fzd5. E-cadherin and cytokeratin 8>. For 0- 
catenin, polyclonal rabbit antibody with the En Vision detection sys- 
tem (DAKO) was used. The slides were further developed using 3- 
amino-9-ethyIcarbazoJe. counterstaine'd with hemalaun and mourn- 



ed with glycerin gelatin. .Stained sections were observed with ah 
Axioplan 2 microscope equipped with an Axiocam digital camera. 
Staining intensity for 0-catenin was scored as no staining (value 0), 
weak and fragmentary staining of cell membranes (value 1), moder- 
ate membrane staining of less than 50% of the tumor cells (valuc-2). 
moderate membrane staining of more than 50% of tumor cells (value 
3) and strong membrane staining of more than 75% of tumor. cells 
(value 4). The cyclin Dl staining was quantified as a percentage of 
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Fig. 1. Fzd5 protein expression in matched 
tumor/normal kidney samples. T = Tumor 
sample; N - matched normal sample. Sam- 
ple identification numbers aregiven by the 
pathologist. 



cyclin D J-imrounoreactive nuclei in tumor cells in three fields (area: 
18,64] um 1 ) of each tumor sample: The total number of tumor nuclei 
ranged from 51 to 164. The correlation between Fzd5 and p-catenin 
staining, and between Fzd5 and cyclin Dl staining was evaluated by 
the Mann-Whitney U test. 



Results 

Fzd mRNA Expression in Matched Human 

Tumor /Normal Tissue Samples 

Fzd expression in tumor tissue was compared with Fzd 
expression in matched normal tissue samples and normal- 
ized to the expression of the housekeeping gene mitochon- 
drial ATPsy6 (table 2). A 3-fold increase was considered! 
significant. 

In the kidney tumor samples, in which 10 of 1 1 sam- 
ples were clear cell carcinomas, Fzd5 was upregulated in 8 
of the 1 1 samples. A similar observation was made for 
Fzd8 and Fzd2, which were upregulated in 7 and 5 renal 
tumor samples, respectively. None of the other Fzds 
showed consistent upregulation. 

Both Fzd2 and Fzd3 were upregulated in 3 of 5 colon 
adenocarcinoma samples. No other Fzd expression was 
significantly different compared to the normal colon tis- 
sue sample. Fzd3 showed an increased expression in all 3 
ovarian carcinoma samples. Fzd expression was not al- 
tered in any of the lung tumor samples. The Fzd expres- 



sion level was observed to be relatively low in these lung 
tissues compared to the other tissues investigated. 

Western Blot and I mmunohistochemistry Analysis on 
Renal Carcinomas 

Western blotting was used to evaluate Fzd5 protein 
expression in the renal tissue samples used for mRNA 
expression analysis. Membrane fractions of the renal car- 
cinoma and corresponding normal tissue samples were 
prepared. As previously shown (table 2\ FzdS.mRNA 
upregulation was detected in 8 of the 1 1 matched tumor/ 
normal samples. Increased expression of Fzd5 protein 
was seen in membrane fractions from 9 of II samples 
(fig. 1). In most cases, concomitant increases in Fzd5 
mRNA and protein levels were observed. 

Hematoxylin-eosin staining of the cryosectipned tu- 
mors confirmed the presence of clear cell carcinoma. 
Fzd5 immunostaining in clear cell carcinoma (fig. 2a, b) 
was observed to be localized to cell membranes and to 
nuclei. Cylokeratin 8 (fig. 2c) and E-cadherin (fig. 2d) 
were also detected. E-cadherin labeling of cell membranes 
in clear cell carcinoma was less intense and patchy com- 
pared to epithelial cells of normal renal tissue. £-Catenin 
staining was confined to the cell membrane. 0-Caienin 
levels in the clear cell carcinoma membranes were highly 
variable. Nuclear P-catenin staining was not observed in 
any of the samples. Epithelial cells in normal renal, tissue 
showed intense membrane staining and some cytoplasmic 
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staining. In addition, weak p-catenin staining of endothe- 
lial cells was observed. A high number of cyclin Dl- 
immunoreactive nuclei was observed in cleared! carcino- 
ma (fig. 2f)* 

On the CL1 human kidney cancer tissue array, 30% 
(n = 9) of the clear cell carcinoma tumor samples (ri = 30) 
showed Fzd5 immunoreactivity (fig. 3a). Membrane-as- 
sociated p-catenin staining was observed in 33% of the 
Fzd5-positiye tumor samples and 57% of Fzd5-negative 
clear renal cell carcinoma samples (table 3; fig. 3c, d). 
Again, nuclear p-catenin staining was never observed. 
Statistical analysis did not Teveal a difference in . the 
expression of P-catenin between Fzd5-positive and Fzd5- 
negative tumor samples (fig. 4a). 

Nuclear cyclin Dl was observed bj. 89% of the Fzd5- 
positive clear ceil carcinoma samples (table 3; fig-3e). 
Only 38% of the Fzd5-negative clear cell carcinoma sam- 
ples contained nuclear cyclin Dl. Statistical analysis 
showed a significantly higher cyclin Dl expression in 
Fzd5-positive compared to Fzd5-negative tumor samples 
(fig. 4b). 



Expression of PPAR8 was investigated because it repre- 
sents a direct target of the P-catenin pathway with T cell 
factor binding sites in its promoter. Expression of c-myc 
was found to be upregulated in 7 of 1 1, whilst cyclin Dl 
was upregulated in 10 of 1 1 kidney tumor samples (ta- 
ble 4). PPAR6 was upregulated in 9 cases. All three select- 
ed target genes showed a marked upregulation in the 
majority of renal tumors, which suggest ed that the Wnt/ 
P-catenin pathway was activated in these samples. 



Discussion 



c-myci Cyclin Dl and Peroxisome 
Ptoliferator-Aciiyated Receptor 8 Expression in Renal 
Carcinomas 

Wnt/p-catenin pathway activation in the kidney tissue 
samples was investigated looking at the expression of a 
number of target genes, which have previously been 
shown to be upregulated when the pathway is active. 
Gene expression of c-myc, cyclin DJ and peroxisome 
proliferator-activaled receptor 5 (PPAR5) was analyzed. 
Increased expression of both c-myc and cyclin Dl genes 
have been implicated in cell proliferation, and carcino- 
genesis, and they represent two of the more important and 
closely st udied target genes of the Wnt signaling pathway. 



Rg. 2. Distribution of Fzd5 fa, b), cytoJceratin 8 (c), E-cadherin (d) 
and p-ca renin (©) immunoreactivity in para/fin sections from a renal, 
tumor processed by an alcohol fixative. From the same tumor, a for- 
malin-fixed block was used for cyclin Dl immunostaining (f). Fzd5 
immunostaining shows distinct immunoreacijviiy in cell membranes 
and in nuclei of clear cell renal carcinoma. Clear cells are immunore- 
active for cytokeratin 8. P-Catenin and E-cadherin staining of mem- 
branes is rather weak, and not uniform, in clear cell renal carcinoma. 
Nuclear p-catenin immunoreactivity was not observed, hi clear cell 
renal carcinoma, many nuclei showed cyclin Dl immunoreactivity. 
The inset in 1 shows a detailed view of the cyclin Dl labeling of nuclei 
in clear cell renal carcinoma. 



Fzd family member overexpression has been postu- 
lated to play key roles in different tumor types such as 
esophageal carcinoma [11], gastric cancer [12] and head 
and .neck squamous , cell carcinoma [13]. The current 
study evaluated the potential implication of Fzds as 
tumor-associated antigens in different tumor types. We 
screened a number of matched normal/tumor tissue sam- 
ples for the expression of a. variety of Fzds using real-time 
quantitative PGR. 

Results obtained revealed that both Fzd5 and Fzd8 
mRNA were overexpressed in the majority of renal carci- 
noma samples when compared to the matched normal 
kidney samples. Fzd2 and Fzd3 were upregulated in 3 of 5 
colon adenocarcinoma samples. Fzd3 was also upregu- 
lated in the ovarian tumor tissue samples compared to the 
matched normal tissue samples. None of the other Fzds 
evaluated showed a specific differential expression pat- 
tern in any of the samples studied. Fzd5 and Fzd 8 show 
69.1% similarity and belong to the same subgroup of Fzds 
[14]. The significantly higher expression of Fzd5 and 
Fzd8 in the renal tumor samples, as compared to the nor- 
mal renal samples* suggests a higher probability that this 
subgroup may be implicated in the progression of renal 
cancer. Therefore, we decided to further examine the pos- 
sible role of Fzd5 in renal carcinoma. 

We observed, using Western blotting, that protein lev- 
els were mostly consistent with mRNA levels in the tumor 
samples. In order to be able to determine the Fzd5 ex prcs- 
. sion in a broader v range of kidney tissues, we utilized a 
tissue array. Fzd5 membrane staining was detected in 9 of 
30 (30%) clear cell carcinomas, and importantly, mem- 
brane staining was not detected in the matched 9 normal 
kidney tissue samples. 

Since the Wnt signaling pathway appears to play an 
important role in embryonic development, in particular 
embryonic kidney induction [15, 16], activation of this 
pathway in the adult kidney due to mutation or overex- . 
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Table 3. Correlation between Fzd5 and 
p-catenin orcyclin Dl expression 
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pression of one of the components of the pathway could 
be a determining factor in the development of renal can- 
cers. Therefore, several studies have looked into the possi- 
ble function the Wnt/^catenin pathway plays in renal 
carcinogenesis. APC gene mutations have been demon- 
strated not to be involved in renal carcinom'a [17, 18]. In 
addition, p-catenin mutations are rare events in renal car- 
cinoma [19, 20]. Nevertheless, cytoplasmic accumulation, 
of 0-catenin has been reported in a number of renal cell 
carcinomas [19], and thus the Wnt signaling pathway 



Table 4. Wnt/^caienin target gene mRNA expression in lumor samples 



Sample Tissue 



Tumor type 



133702 kidney adenocarcinoma 

137770 kidney renal cell carcinoma 

J 33844 kidney renal cell carcinoma 

137146 kidney renal cell carcinoma 

i 37564 kidney renal cell carcinoma 

133408 Jcidney renal cell carcinoma 

139 J 88 kidney renal cell carcinoma 

135699 Jcidney renal cell carcinoma 

.139064 Jcidney renal cell carcinoma 

J 34585 kidney renal cell carcinoma 

140279 kidney renal cell carcinoma 
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' Sample identification numbers were given by ihe pathologist. 

> "en* •» "pressed as *-fold increase of the gene in the lumor tissue sample compared 
torts matched normal tissue sample afier normalizing both iamples on the basis of their 
. ™ otT of 3 - rold *» "> ^fine differential expression. Significant 
03-fold) increases in the expression level of Ihe Fzd receptors are in italics. 
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F»9. 3.^d5, ^catemn and cyclin Dl immunostaining of ihe CLI renal carcinoma tissue 
arrays. The leA column of images represents serial sections from tumor sample 15. Insets 
show an overnew of each tumor section on the serial tissue arrays. The Fzd5-immunoreac- 
lm dear cell rena carcmoma (a) of this tumor sample does not express J^catenin (c). Immu- 
n^i mmg forcychn Dl (e) detects dist inct labeling of nuclei in clear cell renal carcinoma. 
The right column of images is taken from serial sections of tumor sample 45 Clear cell renal 
carcmoma from th* tumor sample does not express Fzd5 (b) and cyclin D I <f) but does show 
distinct membrane 0-caienin staining (d). 



Fig. 4/Box plot charts (thick Made line = 
median) illustrating the relationship be- 
tween Fid5 immunostaining and P-eatenin 
(*) and cyclin Dl (b) expression in clear cell 
renal carcinoma. No significant correlation 
was observed between the 0-caienin scores of 
Fzd5-positive and -negative clear cell renal 
carcinoma. Nuclear cyclin. Dl staining in 
clear cell renal carcinoma showed a signifi- 
cant di/Terence between Fzd5-positive and 
*Fzd5-negative tumor samples. 
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might act as an inducer of tumorigenesis in the kidney. 
This view is supported by the observation that aberrant 
activity of the Wnt signaling pathway has been reported in 
renaJ-cancer-derived cell lines. Zang et ah [2 1 ] observed a 
higher expression level of Wnt 5a and Fzd5 mRNA in the 
renal cancer cell line GRC-1 than in the normal renaJ cell 
line HK-2. Expression of fkratenin was also higher in 
GRC-1 than in HK-2. 

To determine the status of the canonical Wnt signaling 
pathway in our renal carcinoma samples, we have quanti- 
tated the mRNA levels of three important target genes of 
. T cell factor/rymphoid enhancer factor activation by 
0-catenin. The mRNA levels of these three target genes 
(c-myc, cyclin Dl and PPAR 5) correlated largely with the 
expression, of F2d5 in these samples, suggesting that the 
canonical pathway is activated. On the kidney tissue 
array, cyclin Dl protein expression showed a highly sig- 
nificant correlation with the Fzd5 expression in the tumor 
samples (table 3). Cyclin Dl protein is frequently. overex- 
pressed in various tumors, but in only a. proportion of the 
cases is it due to amplification of the cyclin Dl gene [22]. 
Therefore, other mechanisms such as upregulatiori of gene 
transcription may play a substantial role in the overex- 
pression of cyclin Dl [23^-26]. Our data, showing in- 
creased cyclin Dl expression in renal carcinoma samples, 
are consistent with the results of Stassar et al. [27], They 
studied genes that are associated with human renal carci- 
noma by suppression subtratfive hybridization and re- 
ported 14 differentially expressed genes, including cyclin 
Dl. Altbough^we would have expected an increased nu- 
clear fkratenin staining, nuclear accumulation of 0-cate- 



nin was not observed in any of the tumors or on the tissue 
array. This result is consistent with the data presented for 
renal cell carcinomas by Kim et al. [19]. They did not 
detect nuclear fJ-catenin staining in the 52 renal cell carci- 
nomas examined. The lack of nuclear p-catenin staining 
has also been reported by others in tumors that might 
have arisen from Wnt/P-catenin pathway activation [28- 
31]. 

While expression of both Wnt5a and Fzd5 does induce 
duplication of the Xenopus head, exogenous expression of 
Fzd5 in a Xenopus model does not induce duplication of 
the head [32]. Fzd5 does not activate the p-catenin signal- 
ing pathway on its own, as the presence of its endogenous 
ligand is also required. Our resulls.suggest that Fzd5 may 
have a role in renal cell carcinogenesis due to its frequent 
overexpression observed in these tumor samples, and we 
hypothesize that if Fzd5 is overexpressed, it has a rather 
limited effect on P-catenin signaling. However, in the 
presence of its endogenous still unknown ligand, it acti- 
vates the canonical Wnt signaling pathway. The elucida- 
tion of this ligand and its binding characteristics is still 
under investigation. Ultimately, knowledge of the specific 
expression patterns of both Wnt and Fzd members could 
lead to directed tumor targeting or could be used as a 
tumor marker. 
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Multidrug resistance phosphoglycoprotein (ABCB1) in the mouse 
placenta: fetal protection. 

Kalabis GM, Kostaki A, Andrews MH. Petropoulos S. Gibb W . Matthews SG . 
Department of Physiology, University of Toronto, Ontario, Canada. 

The multidrug resistance phosphoglycoprotein ATP-binding cassette subfamily B 
(ABCB1) actively extrudes a range of structurally and functionally diverse xenobiotics as 
well as glucocorticoids. AJBCB l is present in many cancer cell types as well as in normal 
tissues. Although it has been localized within the mouse placenta, virtually nothing is 
known about its regulation. In the mouse, two genes, Abcb 1 a and Abcb lb, encode 
ABCB1. We hypothesized that there are changes in placental Abcbla and Abcblb gene 
expression and ABCB1 protein levels during pregnancy. Using in situ hybridization we 
demonstrated that Abcblb mRNA is the predominant placental isoform and that there are 
profound gestational changes in the expression of both Abcbla and Abcblb mRNA. 
Placentas from pregnant mice were analyzed between Embryonic Days (E) 9 5 and 19 
(term approximately 19.5d). Abcblb mRNA was detected in invading trophoblast cells 
by E9.5, peaked within the placental labyrinth at El 2.5, and then progressively decreased 
toward term (P < 0.0001). Abcbla mRNA, although lower than that of Abcblb at 
midgestation, paralleled changes in Abcblb mRNA. Changes in Abcbl mRNA were 
reflected by a significant decrease in ABCB 1 protein (P < 0.05). A strong correlation 
existed between placental Abcblb mRNA and maternal progesterone concentrations, 
indicating a potential role of progesterone in regulation of placental Abcblb mRNA.' In 
conclusion, there are dramatic decreases in Abcbla and Abcblb mRNA and in ABCB1 at 
the matemal-fetal interface over the second half of gestation, suggesting that the fetus 
may become increasingly susceptible to the influences of xenobiotics'and natural steroids 
in the maternal circulation. 
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Expression of human telomerase reverse transcriptase gene and protein, 
and of estrogen and progesterone receptors, in breast tumors: Preliminary 
data from neo-adjuvant chemotherapy. 

Kammori M, Izumiyama N, Hashimoto M Nakamura K Okano T. Kurabavashi R 
Naoki H, Honma N . OgawaT . Kanunislii M . Takubo K . 

Division of Breast and Endocrine Surgery, Department of Surgery, Graduate School of 
Medicine, The University of Tokyo, Bunkyo-ku, Tokyo 1 1 3-8655, Japan, kanmori- 
dis@umin.ac.jp. 

Human telomerase. reverse transcriptase (hTERT), the catalytic subunit of telomerase, is 
very closely associated with telomerase activity. Telomerase has been implicated in 
cellular, immortalization and carcinogenesis, in situ detection of hTERT will aid in 
determining the localization of telomerase-positive cells. The aim of this study was to 
detect expression of hTERT mRNA, hTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in paraffin-embedded breast tissue samples and to investigate 
the relationship between hTERT expression and various clinicopathological parameters 
in breast tumorigenesis. We used in situ hybridization (ISH) to examine hTERT gene 
expression, and immunohistochemistry (IHC) to examine expression of hTERT protein, 
ER and PR, in breast tissues including 64 adenocarcinomas, 2 phyllode tumors and their 
adjacent normal breast tissues. hTERT gene expression was detected by ISH in 56 (88%) 
carcinomas, but in neither of the 2 phyllode tumors. hTERT protein expression was 
detected by IHC in 52 (8 1 %) carcinomas, but in neither of the 2 phyllode tumors 
Moreover, ER and PR were expressed in 42 (66%) and 42 (66%) carcinomas, 
respectively, and in neither of the 2 phyllode tumors. In 4 cases of breast carcinoma that 
strongly expressed hTERT gene and protein before treatment, neo-adjuvant 
chemotherapy led to disappearance of gene and protein expression in all cases. There was 
a strong correlation between detection of hTERT gene expression by ISH and of hTERT 
protein by ICH in tissue specimens from breast tumors. These results suggest that 
detection of hTERT protein by ICH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker. 
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Abstract. Human telomerase reverse transcriptase (hTERT), 
the catalytic subunit of telomerase, is very closely associated 
with telomerase activity. Telomerase has been implicated in 
cellular immortalization and carcinogenesis. In situ detection of 
hTERT wai aid in determining the localization of telomerase- 
positive cells. The aim of this study was to detect expression of 
hTERT mRNA, bTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in parafTm-embedded breast tissue 
samples and to investigate the relationship between hTERT 
expression and various dinicopathological parameters in breast 
rumorigenesis. We used in siw hybridization (1SH) to examine 
hTERT gene expression, and immunohistochemistry (IHQ to 
examine'expression of hTERT protein, ER and PR, in breast 
tissues including 64 adenocarcinomas. 2 phyllode tumors and 
their adjacent normal breast tissues. hTERT gene expression 
was detected by 1SH in 56 (88%) carcinomas, but in neither 
of the 2 phyllode tumors. hTERT protein expression was 
detected by 1HC in 52 (81%) carcinomas, but in neither of 
the 2 phyllode tumors. Moreover. ER and PR were expressed 
in 42 (66%) and 42 (66%) carcinomas, respectively, and in 
neither of the 2 phyllode rumors. In 4 cases of breast carcinoma 
that strongly expressed hTERT gene and proiein before 
treatment, neo-adjuvant chemotherapy led to disappearance of 
gene and protein expression in all cases. There was a strong 
correlation between detection of hTERT gene expression by 
1SH and of hTERT proiein by ICH in tissue specimens from 
breast tumors. These results suggest that detection of hTERT 
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protein by ICH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker. 

Introduction 

Breast cancer is the most frequent malignancy in women, 
affecting up to one in every eight females worldwide. The 
most important dinicopathological prognostic parameter so 
far identified is the absence or presence of lymph node 
metastasis, but the identification of further parameters for 
both lymph node-positive and -negative patients would 
facilitate an individually based risk-directed therapy (1). A 
promising emerging molecular marker is telomerase. a 
ribonuOeoprotein enzyme complex, which when actuated 
or upregulated allows tumor cells to escape from cellular 
senescence and to proliferate indefinitely (2). The human 
telomere is a simple repeat sequence of six bases (TTAGGG) 
that is located at the ends of each chromosome (3). Telomeres 
are believed to protect against degeneration, reconstruction, 
fusion, and loss (4) and to promote the homologous pairmg 
of chromosomes (5). The end-to-end chromosome fusions 
observed in some tumors may result from the loss of telomeres 
and may be partly responsible for the genetic instability 
associated with tumorigenesis. Telomerase catalyzes the 
synthesis of telomere DN A and facilitates cell irnmortalizauon 
through the stabilization of chromosomal structure (6-8). 
Although the expression of the human RNA component of 
telomerase (hTERC) is widespread, the restricted expression 
pattern of the mRNA of hTERT, the human telomerase 
catalytic subunit gene, is correlated with telomerase activity 
(8-13). As telomerase activity seems to be the key player in 
tumor cell immortality, it has importance as a. target molecule 
for anti-cancer therapy. Telomerase activity has been shown 
to correlate with poor clinical outcome in neuroblastomas 
and other tumors (14). For breast cancer, however, telomerase 
activity is a controversial prognostic marker, some studies 
suggest that telomerase activity. ciinkopathological parameters 
and disease outcome are linked, whereas others do not find 
this association (14-23). 
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We have succeeded in very clearly and sensitively demon- 
strating hTERT mRNA in thyroid, colorectal, parathyroid 
and lung tissues by use of an oligonucleotide probe (13,24-26). 
Strong correlation has been observed between hTERT mRNA 
and/or protein expression and telomerase in a variety of 
malignant tumors (13. 14,24 ,25 37 ,28). In the present study, 
we used ISH to examine expression of the hTERT gene, and 
IHC to examine expression of hTERT protein, ER and PR, in 
64 carcinomas and 2 phylJodes tumors of breast to determine 
whether hTERT protein can be used to differentiate breast 
cancers. We also analyzed hTERT mRNA and protein 
expression with special reference to clinical features and 
histological findings to investigate the potential role of 
hTERT mRNA expression analysis in predicting the biological 
characteristics of breast cancers. Since hTERT expression in 
breast rumors has not previously been analysed by ISH or IHC, 
our investigation also examined various clinicopathological 
parameters, including age, histopathplogical type, tumor size, 
lymph node status, relapses, and the expression of ER and PR. 

Materials and methods 

Tissue collection. Sixty -six samples were obtained during 66 
mastectomies: 64 breast carcinomas, 2 phyllodes tumors and 
66 specimens of the adjacent normal breast gland. In 4 cases, 
samples were obtained during core needle biopsies (CNB) 
before neo- adjuvant therapy and again during mastectomies 
after neo-adjuvant therapy; for these cases, all measurements 
and examinations were performed both before and after the 
neo-adjuvani therapy. The patients ranged in age from 32 to 
90 years. The patients with carcinomas ranged in age from 37 
to 90, mean 56, years and were all women. The women with 
phyllode tumors were aged 32 and .38 years, respectively. 
The surgical and CNB tissue samples were frozen rapidly 
with liquid nitrogen and stored at -80*C until fixation. Then, 
they were fixed in 10% buffer formalin solution and 
embedded in paraffin. Surgical and CNB samples were 
collected from the patients after obtaining their informed 
consent, and the study protocol was approved by the Medical 
Department of the University of Tokyo Ethics Committee. 
The pathologic diagnoses were made by the surgical 
pathological specialists at our institute on the basis of 
examination of bematoxylin-eosin stained slides. A 
pathological review was performed for all breast tumors 
according to the BRE score. pT and pN staging were assigned 
according to the J 997 WHO classification (7th edition). 

MCF-7 human breast cancer cells, kindly provided by the 
Cell Resource Center for Biomedical Research. Institute of 
Development, Aging and Cancer, Tohoku University, were 
used as positive controls. The cells were incubated in RPM1- 
1640 medium with 25 mM HEPES buffer. L-gluiamine, and 
10% fetal bovine serum (Gibco, Grand Island, NY) on a 
chamber-attached slideglass (Lab-Tek* Chamber Slide™: 
Nalge Nunc International, NapervjlJe, IL) in a humidified 5% 
C0 3 atmosphere at 37*C The cells were then fixed with 10% 
buffered neutral formalin (Sigma Chemical Co., St. Louis. 
MO). The cultured MCF-7 cell line that was used as a positive 
control was tested for telomerase with a PCR- based standard 
TRAP assay (6.13). These cells were also used to prepare cell 
blocks. Briefly, the cells were fixed in 10% buffered neutral 




formalin, resuspended in molten agarose and then embedded in 
paraffin. Sections from these cell blocks were used as positive 
procedural controls in ISH and IHC. The negative control in 
ISH was obtained by replacing the oligonucleotide probe with 
RNase. The negative control in IHC was obtained by replacing 
the primary antibody with Tris-butTered saline (TBS). 

Oligonucleotide probe for JSH. The specificity of the oligo- 
nucleotide sequence was initially determined by a GenEMBL 
database search using the Genetics Computer Group Sequence 
Analysis Program (GCG> Madison, WI) based on the fastA 
algorithm (29); the sequence exhibited 100% homology 
with the hTERT gene sequence, A d(T)a> oligonucleotide 
was used to verify the integrity and lack of degradation of 
the mRNA in each sample. All oligonucleotide probes 
were synthesized with a hap ten-labeled nucleotide, such as 
digoxigeninrdUTP (Boehringer^Mannheim), at the 3' end via 
direct coupling by using standard phosphoramidite chemistry 
(Research Genetics, Huntsville, AL) (30). The probe used for 
detection of hTERT by ISH was generated from the original 
sequence for Homo sapiens telomerase reverse transcriptase 
(AF015950), 2766-2800: 5'-GCCTCGTCTTCTACAGGGA 
AGTTCACCACTGTCIT-J (13,24-26). 
s 

JSH. ISH was performed with the GenPoint nucleic acid hyper- 
detection system (Dako, Carpenteria, CA) (31). Formalin- 
fixed , paraffin-embedded tissue sections (5 pm thick) were 
deparaffinized in xylene and a graded alcohol series. Tissue 
sections and CNB samples were then pretreated with target 
retrieval solution (Dako, SI 700) at 95 # C and proteinase K 
(Dako, S3004) at room temperature. Next, the tissues and 
CNB samples were fixed in 03% hydrogen peroxide followed 
by a methyl alcohol series at room temperature. Digoxigenin- 
labeled anti-sense oligonucleotide in mRNA in situ hybri- 
dization solution (Dako, S3304) was placed over the tissues 
and CNB samples. After hybridization at 37X overnight, 
the slides were washed in stringent wash solution (Dako. 
GenPoint System Kit) at 45*C. The tissues and CNB samples 
were exposed to avidin blocking solution (Dako, X0590) 
at room temperature followed by biotin blocking solution 
(Dako t X0590) at room teroperarure. The tissues and samples 
were then incubated at room temperature with a sheep 
monoclonal hapten- labeled anti-digoxigenin antibody (Dako, 
p5104), and the slides were then fixed with biotinyl tyramine 
(Dako, GenPoint System Kit) at room temperature. Finally, 
the slides were incubated with HRP-conjugated stieptavidin 
(Dako, GenPoint System Kit) at room temperature. Since 
^^-diaminobenzidine tetrahydrochloride (DAB) was used as 
the substrate, a positive reaction was visible as a brown color 
under a light microscope. The sections were weakly counter- 
stained with 0,1% hematoxylin. 

JHC. IHC was performed by the avidin-biotin complex^ 
horseradish peroxidase method. Tissue sections were stained 
for hTERT with a commercially available monoclonal antibody 
(NCL-L-hTERT; Novocasira, Newcastle upon Tyne, UK). 
Sections were de waxed in xylene. Antigen retrieval was done 
by incubating sections immersed in 0.01 M citrate buffer at 
pH 6.0 in a microwave oven at 99"C. The sections were 
allowed to cool down at room temperature. The sections 
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Table I. Relationships between mRNA status (negative/ 
positive) by 1SH and standard clinical, pathological, and 
biological factors in the 66 tumors. 

No. of patients (%) 



Figure I. Representative results of the TRAP assay. If functional telomentse is 
present, the enzyme adds DNA lo the substrate in 6- base -pair (bp) increments, 
resulting in a ladder-like distribution of products: The 6-bp ladder signals are 
apparent for MCF-7 and breast cancers (case m». 6. J 4, 23. 44 and 59) and are 
not apparent for lyws buffer as the negative control. An cAtract of MCF-7 was 
used as a positive control for the TRAP assay and as an Internal Telomcraoe 
Assay Standard (JTAS) positive control for PCR amplification, with lysis 
buffer as the negative control fLysb). 



were then immersed in 1% hydrogen peroxide (H 2 O a ) in 
methanol to block endogenous peroxidase activity. Following 
that, the sections were washed in TBS (pH 7.6) before being 
incubated in normal rabbit serum for 20 min lo block non- 
specific binding. After draining off the excess serum, the 
sections were incubated with the primary antibody at room 
temperature. The sections were washed in TBS before being 
incubated with the secondary antibody (bioiinylated rabbit 
anti-mouse, Dako). The sections were washed again with 
TBS and incubated with avidin biotin complex/horseradish 
peroxidase. After washing the sections with TBS, peroxidase 
activity was visualized under light microscopy by applying 
DAB chromogen (Dako). The sections were counters tained 
with hematoxylin, dehydrated in increasing grades of alcohol 
and finally mounted in dibutyl phthalate (DPX) mouhtanl. 

Homogeneous staining or a speckled/dotted pattern in the 
nucleus was considered positive staining, and absence of 
distinct nuclear staining was taken as negative staining. 
Grading of the percentage of stained cells (hTERT labeling 
index) was performed by previously published criteria (I) as 
follows: Grade 1 , negative staining; Grade 2, 1-10% positive 
staining nuclei; Grade 3, 11-50% positive nuclei; and Grade 4, 
>50% posiiive nuclei. Jmmunos tained slides for ER and 
PR were scored as previously described (32 ,33). Jn brief, 
each entire slide was evaluated by light microscopy. First, a 
proportion score was assigned, which represents the estimated 
proportion of positive-staining tumor cells (0, none; 1 , <I/I00; 
2. 1/100 to J/10; 3, J/10 to 1/3; 4, 1/3 to 2/3; and 5. >2/3). 
Next, ari intensity score was assigned, which represents the 
average intensity of positive tumor cells (0. none; I, weak, 
2, intermediate; and 3, strong). The proportion and intensity 
scores were then added to obtain a total score, which ranged 
from 0 to 8. Slides were scored by pathologists who did not 
have knowledge of I igand- binding results or patient outcome. 
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Statistical analysis. Differences in p- values were analyzed 
with the x 7 test for independence, and Fisher's test was used 
for correlations. In all comparisons, p<0.05 was considered 
significant. 

Results 



Representative results of the TRAP assay are shown in Fig. 1. 
The cultured cells, which were tested for lelomerase activity 





Figure 2. Correlation beiween histologic diagnosis, human lelomense reverse transcriptase (bTERT) mRNA by ISH, bTERT protein by IHC. estrogen 
receptor (£R) by IHC and pro £ «iwmc receptor (PR) by JHC in bfcasl conctn. (a. H&E): (b. hTERT mRNA); (c. hTERT protein); {d. ER) and (c.fR). 



with the TRAP assay, gave posirive results with ail procedural 
controls (MCF-7 and 5 breast cancer samples) (Fig. I). 

ISH revealed that hTERT mRNA was strongly expressed 
in the nuclei and cytoplasm of almost al) of the MCF-7 human 
cancer cells (data not shown). Expression of hTERT mRNA 
was detected in 56 (88%) of the 64 breast cancers and in none 
of the phyllodes tumors of the breast (Table I) wiih the anti- 
sense probe, whereas no expression was detected with the anti- 
sense probe treated with RNase (data not shown). The levels of 
expression were heterogeneous within the carcinomatous 
regions. Strong expression of hTERT mRNA was not confined 
to the carcinomatous regions but was also detected in 
infiltrating lymphocytes (Fig. 2a and b). Higher expression 
levels of both signals of hTERT mRNA were detected in 
some sections containing both carcinomas and lymphocytes, 
compared with the adjacent non-cancerous mammary gland, 
but no clear differences in signal intensity were observed 
between carcinomas and lymphocytes. The signals in both 
the normal and cancer tissues were mainly present in the 
. lymphocytes, and the signal intensity was similar in both, 
although a precise quantitative comparison of the in situ signals 
was impossible. 



IHC revealed that hTERT protein was strongly expressed 
in the nuclei, nuclear membrane and cytoplasm of almost all 
of the MCF-7 human cancer cells (data not shown). Expression 
of hTERT protein was delected in 52 (81%) of the 64 breast 
cancers and in none of the phylJode tumors of the breast 
(Table II). The levels of expression were heterogeneous within 
the carcinomatous regions. As shown in Fig. 2c, strong 
expression of hTERT protein was observed in nuclei, nuclear 
membrane and cytoplasm, similar to the pattern in MCF-7 
human cancer cells. Normal mammary gland and stromal 
cells generally showed negative immunoreactivity against 
hTERT protein antibody. 

A nuclear signal for the ER (Fig. 2d), as assessed by IHC 
was observed rn 36 (56%) of the 64 breast cancers and in 
none of the phyllode tumors of the breast, with positive 
scores ranging from 2 to 8 (Tables 1 and II). A nuclear signal 
for the PR (Fig. 2e). as assessed by IHC, was observed in 38 
(59%) of the 64 breast cancers and in none of the phyllode 
tumors of the breast, with positive scores ranging from 2 to 8 
(Tables I and II). 

We used ISH and IHC to examine hTERT expression 
in 4 cases of breast cancer before and after neo- adjuvant 



Table II. Relationships between mRNA status (negative/ 
positive) by IHC and standard clinical, pathological, and 
biological factors in the 66 tumors. 
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chemotherapy.. Before chemotherapy,, all 4 of the breast 
carcinomas strongly expressed hTERT by both ISH and 
IHC. After chemotherapy. hTERT expression completely 
disappeared in all 4 cases (Table 111). hTERT expression by 
lymphocytes was detectable by ISH and IHC both before and 
after chemotherapy in all 4 cases, and the level of expression 
did not appear to be altered by treatment. 

No correlation was observed between hTERT mRNA 
expression and any of the clinicopathological parameters 
age. histopaiholosicaJ type, tumor si2e, lymph node status. 



Table III. Relationship of hTERT mRNA and protein 
expression before and after neoadjuvant chemotherapy. 



hTERT mRNA hTERT protein 



Case 


Age 


Neoadjuvant . 


Before After 


Before After 
* 


1 


80 


Anastrozole 




+ 


2 


78 


AnastrozoJe 


+ 


+ 


3 


35 


FEO 




+ 


4 


37 


AO 




+ 



•FEC.SfU (500 mg/nr).EpinJbicin (70 mg/m 2 ). Cyclophosphamide 
(500 mg/m J ). b AC, Doxorubicin (60 mg/m 2 ), Cyclophosphamide 
(500 mg/m 2 ). Before, before neoadjuvant chemotherapy. After, 
after neoadjuvant chemotherapy. + . positive; -, negative. 



relapses, and the expression of ER and PR. Similarly, there 
was no correlation between hTERT protein expression and 
any of these clinicopathological parameters. There was a 
correlation between &TERT mRNA expression and hTERT 
protein expression in breast cancers (p<0 .005)1 

Discussion 

This study reports a comparison of hTERT mRNA expression 
by ISH and hTERT protein expression by IHC in tissue 
sections from breast tumors. hTERT mRNA was detected 
by ISH in 56 of the 64 breast cancers and in MCF-7 human 
breast cancer cells: Breast cancer cell nuclei stained strongly 
positive with the specific anti-sense probe but not with the 
anti-sense probe treated with RNase (data not shown). Tissue 
lymphocytes also stained positively with the anti-sense probe, 
but the stromal cells did. not. Expression of hTERT protein 
was observed by IHC in 52 of the 64 breast cancers. hTERT 
mRNA and protein expressions were highly correlated in 
breast cancers (p<0.005). Detection of the hTERT protein by 
IHC has permitted further analysis of carcinogenesis and 
cancer diagnosis (34). 

In recent years, there has been disagreement over the 
suitability of telomerase activity as a prognostic biologic 
marker in breast cancer that may help to differentiate patients 
for individually based risk-related therapy. Hiyama et ol (15), 
in a study of 140 breast cancer specimens with the TRAP 
assay, found a strong association between telomerase activity 
and stage classification and observed telomerase activity 
in 68% of stage 1 tumors and 95% of stage IV tumors. 
Pojemba et ol ( I ), using tissue microarrays, found a statistically 
significant correlation between rumor-specific survival (overall 
survival) and hTERT expression in breast cancer. However, 
some problems in interpretation may affect this apparent 
consensus. First, some samples of breast cancer tissue may 
be extensively contaminated by infiltrating lymphocytes 
during operative manipulations, especially in advanced disease, 
causing overestimation of telomerase activity and/or hTERT 
expression. In our previous reports, higher expression levels 



of signals for both hTERT mRNA and protein were detected 
in some sections containing both carcinoma and lymphocytes 
in thyroid and colorectal cancers (13,24). Secondly, Poremba 
et a! (1) used polyclonal antibodies against hTERT protein as 
a signal for expression. In.our bands, polyclonal antibodies 
against hTERT protein give rise to strong background signals 
and are not clearly specific for measuring expression in cancer 
tissues. We have carefully compared the reactivity against 
hTERT protein of the monoclonal antibody used in the 
present study with that of some polyclonal antibodies. Use of 
the monoclonal antibody in IHC allowed clear demonstration 
of hTERT protein expression, with results similar to those 
of 1SH for hTERT mRNA expression. Furthermore, IHC is 
technically much easier to perform than 1SH, since con- 
tamination of samples by RNase is not an issue in IHC. 

To the best of pur knowledge, this report is the first on the 
study of hTERT expression in breast cancer as a function of 
neo-adjuvant treatment. We examined hTERT expression 
in 4 cases of breast cancer before and afteT chemotherapy. 
Before chemotherapy, hTERT was strongly expressed in 
all 4 carcinomas, but after chemotherapy hTERT expression 
had completely disappeared in all 4 cases. hTERT expression 
by. lymphocytes was delectable by 1SH and IHC both before 
and after chemotherapy in all 4 cases, and the level of 
expression did not appear to be altered by treatment. 

In conclusion, delenriination of hTERT mRNA expression 
by 1SH and hTERT protein expression by IHC can be used to 
obtain information contributing to a hjstopathological diagnosis 
during screening of breast cancers. By use of a monoclonal 
antibody, we could very clearly and sensitively demonstrate 
hTERT protein expression in breast czneer tissues but not in 
non-cancerous tissues. We also demonstrated that 4 carcinomas 
with originally positive immunoreactivity against hTERT 
protein became negative after neo-adjuvant chemotherapy. 
These results suggest that determination of hTERT protein 
by ICH can be used as a potential diagnostic and therapeutic 
marker lo distinguish breast cancers. 
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Expression of the ubiquitin-proteasome pathway and muscle loss in 
experimental cancer cachexia. 
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Muscle protein degradation is thought to play a major role in muscle atrophy in cancer 
cachexia. To investigate the importance of the ubiquitin-proteasome pathway, which has 
been suggested to be the main degradative pathway mediating progressive proteinics in 
cachexia, the expression of mRNA for proteasome subunits C2 and C5 as well as the 
ubiqu,t,n-co,ijugating enzyme, E2(14k), has been determined in gastrocnemius and 
pectoral muscles of mice bearing the MAC 16 adenocarcinoma, using competitive 
^TZTonl^^T ^ erase chain reac «on. Protein levels of proteasome 
wteVefl^L ( t } determuied ^ ^"noblotting, to ensure changes in mRNA 
were reflected m changes ,n protem expression. Muscle weights correlated linearly with 
weight loss during the course of the study. There was a good correlation between 
egression of « «d B2(14l) mRNA and protein levels^ g££Z!£S,rii 
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JES^ Tf • ex P ression of C5 ">RNA only increased two-fold and was 

tcti^Znni* a " We ^ l0SSeS between 7 - 5 270/c: Both proteasome functioZ 
activity, and proteasome-specific tyrosine release as ameasure of total protein 
degradation was also maximal at 1 8-20% weight loss and decreased at higher weight loss 

C2 and C5 and E2(14k) mRNA only being seen at weight losses above 17% although 

Ztt°!r mCr ?r d E rogreSSiVe,y With increasing wei ^ ,oss - These suggS 
foat activation of the ubiquitin-proteasome pathway plays a major role in proteinSss in 

gastrocnemius muscle, up to 20% weight loss, but that other factors such as depression in 

protein synthes,s may play a more important role at higher weight loss. aepKSSWa m 

PMID: 16160695 [PubMed- in process] * 
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cachexia, the express,on of mRNA for proteasome subunits C2 and C5 as well as the 
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Cell type-specific occurrence of caveolin-l alpha and -lbeta in the lime 
caused by expression of distinct mRNAs. 

Kogoja, Aiba T, Fujtmoto T . 

Departaent of Anatoiny and Molecular Cell Biology, Nagoya University Graduate 
School of Medicine, Showa-ku, Nagoya 466-8550, Japan, hkogo@fujita-hu.ac.jp 

Two isoforms of caveolin- l , alpha and beta, had been thought to be generated by 
alternative t^latior. initiation of an mRNA (FL mRNA), but we showed previously that 
a variant mRNA (5'V mRNA) encodes the beta isoform specifically. In the present Tdy 
wedemonstotedstrongcorrelationbetweentheexpressionofthecaveolin-1 protein 
isoforms and mRNA variants in culture cells and the developing mouse lung. The alpha 
isoform protein and FL mRNA were expressed constantly during the lung development" 

mt r S eXP ^T ° fthe i$ ° f0nn P^^S'VniRNA was negligible in Lfetel 
lung before 17.5 days post coitum, and markedly increased simultaneously at 18 5 davs 

Sl?^' ^ e ° lar ^ 1 CdIs Started t0 diffe ^ate. Immunorustochemical 

analysis revealed the cell ^pe-specific expression of the two isoforms; the alveolar type I 
cell expresses the beta isoform predominantly, while the endothelium harbors the alpha 
bvl^ isoforms was verified 

,n^? 7 ff g °/ SeIe0tlVe pl3Sma melnbrane preparation obtained from the 
endothelial and alveolar epithelial cells. The present result indicates that the two 
caveolin-l isoforms are generated from distinct mRNAs in vivo and that their production 
is regulated independently at the transcriptional level. The result also suggests mat the 
alpha and beta isoforms of caveolin-l may have unique physiological functions. 
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Oncogene and growth factor expression in ovarian cancer. 
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The varying tumor-biological behavior of ovarian carcinomas probably influences both 
ftZ P ?h ^ "? TeSP °,TJ° * emothera P* are the most JJZt^ZoTc 
^S^^SS^T^r^ " ° bVi0US,y ■""fcwSh an 

A^aCs ofp^ R TP ? ; t S,gnaI Vf 1 ™*' induding o*« ex P^°n- 

' TGF-alpha, c-myc and c-jun expression in 33 stage III/IV, and 2 

stage I/H ovanan carcmomas with biochemical, molecular-chemical and 

SSSSStSSl^^ S ?° Wed ' C ° 1TeIati0n bCtWeen the P rotein 
levels of EGF-R and TGF-alpha for tumors with low or high expressing rates. However 

a ! 10n ™ easura b* e ** ee ^^^"^ s seetT is to depend on me amount of TGF-^ 

SStnX I ^ tUnK f- ^ EGF " R binding Kgand TGF " al P ha *» Placed by 
epithelial tumor cells; stromal cells are usually TGF-alpha-negative, as shown by 

hlS ^ )t ? em, j^ Hi ^Pression rates of EGF-R. TQF-alpha and c-myc were 
detec ted m 6 7 and 10 out of 35 ovarian carcinomas, respectively. Ojun mRNA wS 
ol£t m 8 ? T Stl ? died - No "- mali ^ tissues originating from m^nTor 
ovary expressed no (or only small amounts of) EGF-R or TGF-alpha mRNA, whereas a 
high c-myc expression was found in 1/7 normal myometria, and in 2/5 normal ovaries. 
There was no strong correlation between EGF-R/TGF-alpha and c-myc/c-jun 
expression.(ABSTRACT TRUNCATED AT 250 WORDS) 

PMID: 1502888 [PubMed - indexed for MEDLINE] 



W»>«erSciehce- 



A transcriptomic and proteomic analysis of the effect of CpG-ODN on human 
THP-1 monocytic leukemia cells. 

Kuo CC. Kuo CW . Liang CM. Liang SM . 

Institute of BioAgricultural Sciences, Academia Sinica, Taipei, Taiwan. 

The CpG motif of bacterial DNA (CpG-DNA) is a potent immunostimulating agent whose 
mechanism of action is not yet clear. Here, we used both DNA microarray and proteomic 
approaches to investigate the effects of oligodeoxynucleotides containing the CpG motif (CpG- 
ODN) on gene transcription and protein expression profiles of GpG-ODN responsive THP-1 cells 
: Microarray analysis revealed that 2 h stimulation with CpG-ODN up-regulated 50 genes and 
down-regulated five genes. These genes were identified as being associated with inflammation, 
antimicrobial defense, transcriptional regulation, signal transduction, tumor progression, cell 
differentiation, proteolysis and metabolism. Longer stimulation (8 h) with CpG-ODN enhanced 
transcriptional expression of 58 genes. Among these 58 genes, none except one, namely WNTI 
inducible signaling pathway protein 2, was the same as those induced after 2 h stimulation 
Proteomic analysis by two-dimensional gel electrophoresis, followed by mass spectrometry 
identified several proteins up-regulated by CpG-ODN. These proteins included heat shock 
proteins, modulators of inflammation, metabolic proteins and energy pathway proteins. 
Comparison of microarray and proteomic expression profiles showed poor correlation. Use of 
more reliable and sensitive analyses, such as reverse transcriptase polymerase chain reaction, 
Western bbtting arid functional assays, on several genes and proteins, nonetheless, confirmed that 
there is indeed good correlation between mRNA and protein expression after CpG-ODN 
treatment. This study also revealed that several anti-apoptotic and neuroprotective related 
proteins, not previously reported, are activated by CpG-DNA. These findings have extended our 
knowledge on the activation of cells by CpG-DNA and may contribute to further understanding of 
mechanisms that link innate immunity with acquired immune response(s). 
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1 Introduction 

Mammals protect themselves against pathogen infection pri- 
marily via innate and adaptive immunity flj. The innate 
immune system relies on a set of pattern recognition receptors 
{e.g., Toll-like receptors) to recognize foreign molecular struc- 
tures such as lipopoJysaccharide (LPS) and bacterial DNA [2, 3). 
Innate immune cells recognize these molecular structures and 
initiate not only innate but also adaptive immunity by produc- 
ing immunomodulatory cytokines and activating T and B 
immune cells [1). Bacterial DNA can directly activate B cells to 
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proliferate and secrete immunoglobulins in a Tcefl-independ- 
ent manner [4-6]. It also induces B cells and monocytes to 
activate transcription factor NF-kB and secrete cytokines, 
including interleukin (1L) 12, tumor necrosis factor a (TNF-a), 
and interferon ct/p [7-10]. The immu nostimulatory activity of 
bacterial DNA has been assigned tounniethylated CpG motifs 
(GACGTTfor murine, GTCGTTfor human) [ilj. Recent evi- 
dence shows that synthetic oligodeoxynudeotides containing a 
CpG motif (CpG-ODN), like bacterial DNA with the CpG moi- 
ety (CpG-DNA), induce potent Thl-like immune responses 
that are protective against several infectious agents and 
immune disorders in animal models [1 2, 13]. Biologically active 
CpG-ODN, like bacteria DNA, activates macrophages and 
immature dendritic cells to increase expression of MHC class 
H and costimulatory molecules, thereby transcribing cytokine 
mRNAs, and producing pro-inflammatory cytokines including 
TNFcc, IM; IL4 and IU2[? f 14-16]. CpG-ODN can therefore ; 
serve as an adjuvant and irnmuriomodulator in vaccines 
against a wide variety of targets, including infectious agents, 
cancer antigens and allergens [17]- 

It has been suggested that unmethylated CpG-DNArmedi- 
ated immune activation functions through a toll-like receptor 9 
(TLR9) signaling pathway [18]. Endocytosis and sequentially 
endosomal maturation as well as binding ofheat shock protein 
(HSP) 90 to CpG-DNA are essential for induction of TLR9 sig- 
nal transduction [19, 20]. It has also been shown that recogni- . 
tion of CpG-DNA causes TLR to form a dirrier, which recruits 
the adaptor molecule, myeloid differentiation factor 88 
(MyD88), through interaction between their C-terminal Tofl/IL- 
1R domains. This recruitment of MyD88 to the ToB/IL-lR do- 
main of TLR9 initiates a signaling pathway that sequentially 
involves IL-iR-assodated kinase 1 and TNF-a receptor-asso- 
ciated factor 6 [18, 21, 22]. Studies using gene-deficient mice 
and RAW264.7 cells transiently transfected with dominant- 
negative forms of these molecules have indicated that the 
MyD88-mediated signaling pathway is essential for CpG-DNA- 
induced activation of NF-kB and c-Jun NH r terminal kinase 
(JNK), as well as subsequent production of cytokines in mono- 
cytic cells [18, 21 , 22). The precise mechanism of action of CpG- 
DNA and CpG-ODN, nonetheless, is still not thoroughly 
understood. To further elucidate the molecular events after 
binding of CpG-ODN to TLR9, in this study, we treated CpG- 
ODN responsive THP-1 cells with CpG-ODN and evaluated 
changes by using DNA microarray and proteomic approaches. 
We have discovered up-regulation of more than 50 disting- 
uished genes /proteins and identified induction of several anti- 
apoptotic and neuroprotecting genes by CpG-ODN treatment. 

2 Materials and methods 
2.1 Reagents 

Phosphorothioate-modified CpG-ODN and GpCODN were 
synthesized by MDBio (Taipei, Taiwan). Human specific 
ODN sequences are: CpG-ODN, 5' TCG TCG TTTTGTCGT 




TTT GTC GTT-3'; GpC-ODN, 5'TGC TGC TIT TCT GCT 
TIT GTG CTT-3' The mouse spedfic CpG-ODN sequence is 
5*-TCC ATG ACG TTC CTG ATG CT -3\ CHCA was from 
Sigma (St Louis^MO, USA). 

2;2 Cell culture 

Cell lines were obtained from the American Type Culture 
Collection (Rockville, MD). Mouse RAW2647 macrophage 
and human embryonic kidney 293 cells (HEK293) were cul- 
tured in DM EM -supplemented with 10% heat inactivated 
fetal bovine serum, 100 U/mL penicillin, 100 ug/mL streps 
tomycin sulfate, 200mrhol/L I-glutarrdne, and 50 um p-mer- 
captoethanol in a humidified atmosphere of 5% C0 2 at 3T*C 
The medium was changed every 2 days for all experiments. 
Human THP-1 monocytic leukemia cells, which have been 
shown, to express TLR9 and respond to CpG-DNA stimula- 
tion {23, 24]> were cultured in RPM1 1640 with the same sup- 
plements as for RAW264.7 cell cultures. 

2.3 Human cDNA microarray 

Total RNAs extracted from cultured THP-1 cells were isolated 
with TRlzol (Invitrogen, Leek, The Netherlands) and submitted 
to Genasia Biotechnology (Taipei, Taiwan) for further proces- 
sing. In brief, 4 ug of total RNA from CpG-ODN stimulated, or 
normal THP-1 ceDs was labeled with a fluorescence marker 
(U-vision, (Taipei, Taiwan)). Different colored fluorescence dyes 
(Cy5 and Qy3) were used to distinguish total RNA from normal 
and ODN stimulated cells. The labeled RNA was used for 
hybridization with the Human 1 cDNA microchip from Agilent 
Technologies (Palo Alto, CA, USA).The chips were scarmedand 
the expression pattern was analyzed using genechip software. 
Genes showing up-regulation or down- regulation of RNA levels 
were analyzed and identified on a genomic database as sug- 
gested by the manufacturer of the microchip. 

2.4 Protein preparation 

THP-1 cells were seeded in a 175 cm 2 tissue culture flask at a 
density of 10 6 cells per milliliter in culture medium. The cells 
were stimulated with or without 1.5 um CpG-ODN at defined 
times and harvested by centrifugation at 4°C, 1000 x g for 
15 miri- Cell pellets were washed twice with ice-cold PBS, 
resuspended and sonicated in extraction buffer containing 
25 mM Tris-HO (pH 7.5), 2mM p-mercaptoethanol and pro- 
tease inhibitor cocktail. After centrifugation at 10000 x g for 
20 m in, ammonium sulfate was added to the supernatant until 
the final concentration reached 50% saturation w/v. The solu- 
tion was stirred at 4°C for 30 mm and centrifuged at 10 000 x g 
for 30min at 4°C. The supernatant fraction was then trans- 
ferred into a fresh tube, and the precipitated protein peDet 
solubilized in extraction buffer. To remove salts and other con- 
taminants, the extracts were treated with a pre-cooled (-20°C) 
solution of 10% JCA in acetone with 0.07% p-mercaptoetha- 
nol. Proteins were allowed to precipitate overnight at — 20*C 
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After cenrrifugatjon, the pellet was washed with ice-cold ace- 
tone, containing 0.07% j^mercaptoethanol. The supernatant 
was discarded and the pellet dried in a SpeedVac system (Model 
AES1010; Savant, Holbrook, NY, USA). 

2.5 2-DE 

2-DE was performed using an IPGphore IEF and a Hofer 
DA1T vertical unit (Amersham Biosciences, Piscataway* NJ, 
USA). One milligram of dried protein sample was dissolved 
in 350 uL of rehydration buffer solution, containing 7 m urea, 
2 m thiourea, 4% w/v CHAPS, 5mM tributyl phosphine, and 
2%. IPG and loaded onto an immobilized pH 3-10 linear 
gradient strip (18cm), followed by rehydration for 16h. IEF 
was then performed in the following manner. 100 V for 
30min, 250 V for 30rain, 500 V for 30min, 1000 V for 
30 min, 4000 V for 30 min, 6000 V for 55 000 Vh. At the end 
of IEF, the IPG strips were equilibrated for 15 min in buffer 
containing 6 m urea, 2% w^v SPS, 30% v/v. glycerol, and 
50 mM Tris, pH 6.8, then reduced with 65 mM dithiorery- 
thritol (DTE) and subsequently alleviated with 135 mM 
iodoacetamide for another 15 min. After equilibration, the 
IPG strips were immediately placed on top of a 12% SDS^ 
PAGE (1.5 mm, 20 x 24 cm). The second dimension gels 
were then overlaid with molten 0.8% agarose solution in 
SDS electrophoresis buffer. Electrophoresis was performed 
at 16°C, starting at 10 mA par gel for 1 h, followed by 45 mA 
per gel until the dye front reached the bottom of the gels. 

2.6 Staining and image acquisition 

Immediately after electrophoresis, gels were stained with 
SYPRO Ruby (Molecular Probes, Eugene, OR, USA). In 
brief, gels were fixed for 30 min in 10% methanol, 7% acetic 
acid, and then stained overnight in SYPRO Ruby stain. The 
staining solution was removed and gels were washed in 10% 
methanol and 7% acetic add for 3 h. After staining, image 
acquisition was carried out on a Typhoon 9200 (Amersham 
Biosciences). To identify a protein, spot detection, quantifi- 
cation and matching of 2-D results were anaryzed using 
ImageMaster software (Amersham Biosciences). The Mj of 
the proteins were calibrated according to the LMW-SDS 
Marker Kit (Amersham Biosciences), and their pi values 
were estimated from the position of the protein spots on the 
2-D gel and confirmed with the information supplied by the 
manufacturer. Since most of the p/ values for the truncated 
proteins had not been reported previously, the p/ values of 
the truncated proteins were estimated from the position of 
the observed spots. To omit the variation due to the use of 
separate gels, after background subtraction, the intensity 
levels of protein spots on each gel were normalized as a pro- 
portion of one reference spot, and protein quantities were 
calculated by integrating the density over the spot area. Pro^ 
tein spots that showed reproducible modulation exceeding 
-80% after CpG-ODN treatment in three experiments were 
further analyzed by M S. 
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2.7 In-gel digestion with trypsin arid extraction of 
peptides ' ' , 

Protein spots were excised from stained gels and cut into 
pieces. In brief, gel spots were dehydrated with ACN for 
10 min and dried in a vacuum centrifuge. Gel pieces were 
resweDed with 55 mM DTE in 25 mM ammonium bicarbon- 
ate (pH 8.5) at 37°C for 1 h. The solution was then exchanged 
with alleviation solution, which contained lOOrriM iodoaceta- 
mide in 25mM ammonium bicarbonate (pH 8.5J, at room 
temperature for 1 h. After- alleviation/ the gel pieces were 
washed twice with 50% ACN in 25 mM ammonium bicarbo- 
nate (pH 8.5) for 15 min. The wash solution was discarded 
and the pieces of gel were dehydrated with ACN for lOmin 
and dried in a vacuum centrifuge. Tryptic digestion was 
initiated by reswelling the gel in 25 mM ammonium bicar- 
bonate solution with 25 ng of trypsin (Promega, Madison, 
WI, USA). After incubation at 37°C for 16h, tryptic peptides 
were extracted twice with 50% ACN containing 5% formic 
acid for 15 min with moderate sonication. The extracted 
solutions were pooled and evaporated to dryness in a vacuum 
centrifuge. The dried peptide mixture was dissolved in 0ll% 
formic acid and used for MS. 

2.8 MALDW-TOF MS and protein identification 

Tryptic peptides analyses were performed using a Micromass 
Q-TOF Ultima MALDI (Micromass; Wytherishawe, U.K.) 
equipped with a 337 nm nitrogen laser and operated in 
reflectron positive ion mode. Peptide mixtures (1 uL) were 
premixed with 1 uL of the matrix (5mg CHCA in 50% ACN 
with 0.1% TFA) then spotted onto the MALDI target plate. 
Mass spectra were acquired for the mass range of 900- 
3500 Da and the individual spectra from MALDI MS or MS/ 
MS were processed using the Micromass MassLynx 4.0 soft- 
ware. The generated peak list files were used to query the 
Swiss-Prot database using the MASCOT program (http:// 
www.matrixscience.com) with the following parameters: 
peptide mass tolerance, 50ppm; MS/MS ion mass tolerance, 
0.25 Da; allowance of missed cleavage, 3; and consideration 
for variable modifications such as oxidation of methionine 
and carboxyamidomethylation of cysteines. Only significant 
hits as defined by MASCOT probability analysis were con- 
sidered initially. In addition/when the PMF matches were 
between 5 and 9, at least one peptide sequence was manually 
checked by MALDI MS/MS analysis. 

2.9 RT-PCR analysis 

cDNA from THP-1 cells was produced with Superscript 1) 
reverse transcriptase (Invitrogen) using a oIigo(dT)i 5 primer 
for 1 h at 42°C. PCR of cDNA was performed using specific 
primers for the gene of interest and control P-actin. All PCR 
products were electroph or esed on a 1.5% agarose gel, and 
DNA bands were visualized by staining the gel with ethi- 
dium bromide. 
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2.10 Immunoblotting 

Human THP 1 or mouse macrophage RAW2647 cells 
(5 x 3 x K^/weD) were cultured in a six-weH culture 
plate and treated with or without 1.5 um CpQ-ODIf -for 
the designated times. After stimulation, cells were harvest- 
ed by centrifugation at 1000 x g for 15min in a refri- 
gerated centrifuge and washed twice with cold PBS buffer 
Hie cells were lysed on ice for 15min with 300 uL lysis 
buffer (Pierce, Rockford, USA), supplemented with pro- 
tease inhibitor cocktail (Sigma). The lysates were cen- 
trifuged at 12000 x g for 15 nun at 4°C, and protein 
concentrations of supernatant were determined using the 
Bio-Rad Protein Assay (Hercules, CA> USA). The lysates 
(50 ug of protein/lane) were subjected to 12% SDS-PAGE 
and transferred to NC membranes (Amersham Bio- 
sciences). The membranes were blocked in PBS-<U% 
Tween 20 (PBST) containing 5% non-fat skim milk at 
room temperature for 1 h, followed by staining with anti- 
ADP-ribosylation factor 3 (ARF-3) monoclonal antibody. 
(0.1 ng/mL; Sigma). The membranes were then incubated 
with horseradish peroxidase~conjugated secondary anti- 
body (dilution, 1:3000) for Ih. After washing three times 
with PBST, specific bands were detected by chemifumi- 
nescence according to the manufacturer's protocol 
(Amersham Biosciences). 

2.1 1 Cell transf ection and lucrf erase assay 

HEK293 cells (5 x 3 x 1 Orwell) were transfected using 
FuGENE 6 (Roche Molecular Biochemicals, Indianapolis, 
IN, USA) plus 0.1 jig p5xNF-KB-luc (Stratagene, La Jolla, CA, 
USA), 0.05 ug pCDNA3.1-P-galactosidase, and pCDNA3.1- 
hTLR9 overnight The cells were incubated with or without 
IS um CpG-ODN for 8h and then lysed. NF-kB luciferase 
activity assays were performed as recommended by the 
manufacturer (Promega). p-galactosidase activity was used to 
normalize the data. 

2.12 Enzyme activity assay 

Pyruvate kinase activity was assayed in a solution (1 mL) 
containing 100 mM Tris-HCI (pH 8.0), lOOmM KC1, 10 mM 
MgCl^ 0;2mM NADH, lOmM PEP, 1.5 mM ADP, lunh of 
lactate dehydrogenase, and an appropriate ' amount of cell 
lysate from CpG-ODN untreated or treated THP-1 cells. The 
reaction was monitored at 30°C for a period of time by 
measuring the decrease in absorbance at 340nm. PGK ac- 
tivity was assayed in a coupled reaction with gryceraldehyde 
3-phosphate dehydrogenase (GAPDH) as described by Lee 
[25]. In brief, the assay was performed at 30°C in a total vol- 
ume of ImL containing lOOmM Tris-HQ (pH 7.9), lOmM 
MgCl 2 , 0.15 mM NADH, 2mM ATP, 6mM 3-phosphogtyce- 
rate, 0.1 mg/mL BSA, 50 mg of GAPDH, and an appropriate 
amount of ceD lysate. NADH consumption was monitored at 
340nm. 



3 Results 

3.1 Effect of CpG-ODN on gene expression profiles of 
human THP-1 cells 

To elucidate the effect of CpG-ODN on gene expression, 
THP-1, a cell line known to express TLR9 and respond to 
CpG-DNA {23, 24). was cultured with or without CpG- 
ODN. Since j^eliininary experiments showed that 1.5 um 
CpG-ODN caused more contrasting results between nor- 
mal and CpG-ODN. treated cells, 1.5 UM CpG-ODN was 
used throughout the experiments. To distinguish CpG- 
ODN treated samples from the control, total cellular RNA 
of normal and CpG-ODN treated cells was isolated and 
labeled with the fluorescence dyes, Cy5 and Cy3, respec- 
tively. The labeled RNA was then used for hybridization 
with a Human 1 cDN A microchip from Agilent Technol- 
ogies. Of the 13 000 human, genes represented oh the 
gene array, a total of .55 genes changed expression sign- 
ificantly after 2h CpG-ODN treatment. Among these, 
50 genes were up-regulated while five genes were down- 
regulated by a factor > 2. These genes were sorted by 
functions and are listed in Tables 1 and 2. They included 
notably, IL-1S receptor accessory protein, MSG A beta 
gene, thioredoxin, pro-pol-dUTPase polyprotein, Spl40, 
connexin 59 gene, Grbl-like 2, enoyl-c^nzyme A hydra- 
tase, propionyl coenzyme A carboxylase, cytochrome P450, 
and WNT1 inducible signaling pathway protein 2 (WISP- 
2) etc. The function of these genes are known to be relat- 
ed to inflammatory responses, antimicrobial defense, 
transcriptional regulation, intracellular signal transduc- 
tion, tumor progression, cell differentiation, proteolysis 
etc . .. 

Table 1. Genes up-regulated (> 2 fold) in human THP-1 cells after 
2 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL-18 receptor accessory protein 
T cell receptor V beta gene 
MGSA, beta gene 
Antigen gene (PA) 
TIED 

Platelet activating receptor 

Antimicrobial defence 

Thioredoxin 

Pro-Pol-dUTPase polyprotein 
Nuclear body protein Sp 140 

Transcriptional regulation 

.Putative transcription factor LUZP 

General transcription factor.!!, I, pseudogene 1 

Connexin 59 gene 

Basic helix- loop-helix protein class B 1 
(BHLHB1) . 



AF077346 

X58806 

U03019 

M21896 

IMM.004791 

AF002986 

NNL0O3329 

AC004748 

U63420 

AI986271 
AI700706 
L29277 
AF221520 
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Table 1. Continued 



Gene name and description 


Genebank 


(changed fold > 2) 


number 


Regulatory protein 




AdvilHn 


AF041449 


Channel and transport 




Small GTP binding protein Rab9 


U44103 


FXYD domain-containing ion transport 1 


All 25364 


regulator 1 




Signal transduction 




i>H3-oomain OrbZ-Kke 2 


AF036268 


Titin 


X90568 


Titin associated protein { 1 65 kD protein) 


X69089 


KIAA14j51 protein 


AB040884 


Vasoactive intestinal peptide receptor 


U11087 


Enzyme and protease 




Enoyl-Coenzyme A, hydratase 


AI800553 


; Nephrin, B-type metal locarboxypeptidase 


U65090 


Propionyl Coenzyme A carboxylase 


AB011145 


Acyloxyacyl hydrolase (neutrophil) 


M 62840 


Cytochrome P450 


U79716 


Intestinal alkaline phosphatase 


M31008 


Tumor oroaression and cell differential ton 




Retinoblastoma 1 


Li 1910 


Human genomic DNA of 9q32 anti-^oncogene 


ARn^fi^fift 

MDUOUtUO 


of flat Epitherium cancer. 




segment 6/10 




WNT1 inducible signaling pathway protein 2 


AF 1007 80 


(WISP-2) 




Structure protein 




Collagen, type IV, alpha 6 


D21337 


Beta Myosin heavy chain 


M58018 


Other. 




Homo sapiens Cri-du-chat region mRNA, 




clone NIBB 11 




Human mRNA for.laminin alpha 5 chain. 




partial cds. 




NIK like and Thyroxin-binding 




globulin precursor 




Hypothetical protein DKFZp434M0331 


ML. lOt 1 


Hypothetical protein FLJ11021 similar 


r\T\\J jCJjOO 


to splicing factor 




.Hypothetical protein 


Al njQRRI 
/ALU** Z700 1 


Chromosome 18 open reading frame 1 


NM 004338 


Arfaptin 1 


AW408785 


Zinc finger protein 8 (ZFP8) 


M29581 


Zinc finger protein 137 (clone pHZ-30) 


U09414 


Olfactomedin related ER localized protein 


AI7 38468 


Cyclin-dependent kinase 8 


BE467537 


Integrin, alpha 1 


D87462 


KIAA0421 protein 


AB007881 


KIAA1233 protein 


AB033059 


Unnamed protein product 


AK026362 


NBL4 


X75535 


BC33119t_1 


AAD39268 



Table 2. Genes down-regulated {> 2 fold) in human THP-1 cells 
after 2 h of CpG-ODN treatment 



Gene name and description 


- Genebank 


(changed fold > 2) 


number 


Zinc-finger horneodomain protein 4 . 


BAB03600 


Human protein kinase MEKK2b mRNA, . 


AF239798 


complete cds. 




Glypicari 5 


U66033 


Human genomic DNA, chromosome 22q11,2,. 


AP000362 


clone N75A12. 




Collagen, type 1, alpha 1 


Z74615 



Longer stimulation of THP-1 cells with CpG-ODN (8h) 
resulted in the up-regulation of 58 genes. These genes in- 
cluded notably IM0 receptor beta, formyi peptide receptor- 
like 1 (FPRL1), vitamin D receptor, nuclear, receptor sub- 
family 1 (LxR), early B-cell factor, protein kinase C gamma 
(PKQ, Nek, Ash, phospholipase C binding protein (NAP4), 
phosphoriboxyl pyrophosphate aminotransferase, dishev- 
eled 3, WISP-2 etc. Analysis of the functions of the 58 up- 
regulated genes showed that they are associated with anti- 
inflammation, transcriptional regulation, intracellular signal 
transduction, tumor progression, cell differentiation, pro- 
teolysis, neurodegeneration, neuroprotection etc. (Table 3). 
We also found that the stimulation of THP-1 cells with CpG- 
ODN for different periods of times resulted in different pro- 
files. Several defense related genes such as IL-18 receptor 
accessory protein, Pro-Pol-dUTPase polyprotein, Spl40 and 
connexin 59 were transiently up-regulated at 2h short stim- 

Table 3. Genes up-regulated (> 2 fold) in human THP-1 cells after 
8 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL- 10 receptor (beta) 

Formyi peptide receptor-like 1 (FPRL1) 

Vitamin D receptor 

NMDAR1 

CD44 antigen 

Nuclear receptor subfamily 1 (LxR) 
Neuromedin B receptor 

Transcriptional regulation 

Early B-cell factor (ebf) 

Neurogenic differentiation 1 (Neuro D) 

MAX dimerization protein (NESH protein) 

Ribosomal protein S6 kinase 

ASH2L 



Regulatory protein 

Hypothetical protein DKFZp434H0820 
Peroxisomal farnesylated protein 
LTBP4 

Neuronal pentraxin II 



U08988 
AF081535 
J03258 
Z32774 
AW028346 
NM_005693 
/M73482 . 

AF208502 
AB018693 
AB037886 
AF090421 
AB022785 

AL 137555 
X75535 
AF051344 
U29195 
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Table 3. Continued 



Table 4. list of antimicrobial and anti-inflammatory genes 
modulated by CpG-ODN treatment of THP-1 cells 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Channel and transport 

Gam ma-aminobutyric [61] A receptor NM_004961 

ATP synthase subunit F6 * M37104 

Transient receptor potential channel 1 Z73903 

Choroideremia (Rab escort protein 1) X57637 

Signal transduction . 

Protein kinase C, gamma 2151 1 4 

Regulator of G-protein signaling 5 AI674877 . 

Nek, Ash and phospholipase C binding . AB005216 

protein {NAP4> 

Highly similar to adeylate kinase gene AB0 16886 

Enzyme and protease 

Phenylalanine hydroxylase AA203389 

Carboxypeptidase AT X67318 

Xylulokinase AKOu1205 

Pancreatic lipase J05125 

Ubiquitin specific protease 12 AF022789 

Transmembrane protease, serine2 U75329 

Aspartate bata-hydroxylase U03109 

Phosphoribosyl pyrophosphate pi3757 
amidotransferase 

Tumor progression and cell differentiation 

CDC23 AF053977 

WISP-2 AF100780 

Microseminoprotein, beta M34376 

Dishevelled 3 NM_004423 

Structure protein . . 

Trtchohyaiin L09190 

(Certain AF061809 

Other 

Human transferrin pseudogene . M22376 

TIMP-2 U44383 

Collagen-like protein U67921 

Human genomic DNA, chromosome 21 q, AP001716 
section 60/105 

Human genomic DNA chromosome 21 q, AP001720 

section 64/105 

KIAA0136 D50926 

KIAA0379 AB002377 

K1AA0489 AB007958 

KIAA1114 AL049732 

KIAA1451 AB040884 

KIAA0756 AB018299 

Zinc finger protein 267 AF220492 

Hypothetical protein FU10633 AK001495 

Hypothetical protein EUROIMAGE 1955967 AK026108 

Mybl homolog like 1 AK0Q1893 

Antizy me inhibitor D88674 

Disintegrin-like and met all op rot ease AB002364 

{reprolysin type) with Thrombospondin 

type 1 motif, 3 

ADP-ribosylation factor 3 (ARF-3) M74491 

Testis specific protein, Y-linked M98525 

Unnamed protein ' AK 0260 4 2 



Gene name 



Genebank 
number 



Expression fold 



2h 



8h 



Connexin 59 gene 


L29277 


2.12 




0.05 


1.74 


± 


0.08 


IL-18 receptor 


X58806 


2.32 




0.21 


1.19 




0.13 


accessory protein 
















Integrin, alpha 1 


X68742 


2.01 




0.03 


1,05 




WO 


Nuclear body protein 


U63420 


2.22 


± 


0.11 


139 


± 


o;o4 


Sp140 
















Pro-PoWUTPase 


AC004748 


233 




0.18 


0.95 




0.03 


polyprotein 
















Thioredoxin 


NM_003329 


2.20 




0.08 


1.07 




0.01 


FPRL1 


AF081535 


0.95 


± 


0.06 


2.13 


± 


0.11 


IL-10 receptor 


U08988 


1.22 




0.18 


2.21 




0.07 


LxR 


NM_005693 


0.90 




0.03 


237 




0.31 


Vitamin D receptor 


J03258 


137 


-+■ 


0.23 


2.39 




0.11 



Expression fold is designated as the ratio of CpG-ODN treated 
over control 



ulation but were down-regulated thereafter, while anti- 
inflammatory associated genes such as FPRL1,;IL10 recep- 
tor, vitamin D receptor and LxR were up-regulated after 8h 
stimulation (Tables 1, 3 and 4). 

3.2 Verification of the microarray results with RT-PCR 
or Western blotting 

To verify the results from the mkroarray analysis, we also 
performed RT-PCR on the up-regulated genes (Fig. 1). Con- 
sistent with results obtained in the microarray gene expres- 
sion analysis, RT-PCR studies showed that the mRNA levels 
of some selected genes, including ubiquitin specific pro- 
tease 12, regulator of .G-protein signaling 5, NAP4 and 
ASH2L, were increased in response to CpG-ODN (Fig. 1, 
Table 3). In addition, the protein expression level of ARF-3 
GpC-ODN CpG-ODN 



Untreated 



Ubiquitin specific 
protease 12 
Regulator of G- 
protetn signaling 5 

NAP4 




Actin 



Figure 1. Induction of various genes by CpG-ODN. THP1 cells 
were stimulated with medium alone, 1.5 jim GpC-ODN (as the 
negative control) or CpG-ODN for the indicated times.- RT-PCR 
was then performed to analyze gene expression levels, p-actin 
was used as an internal control. The experiment was repeated 
three times with similar results. 
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Figure 2. CpG-ODN induced ARM protein expression in human 
THP-1 or mouse KAW264.7 cells. THP-1 (A) or mouse RAW264.7 
(B) cells were incubated with .1.5 um CpG-ODN for the indicated 
time points. The protein expression level of ARF-3 was deter- 
mined by Western blotting of cell extracts using anti-ARF-3 anti- 
body. The experiment was repeated three times with similar 
results. 

was shown to increase in Western blotting analysis in cell 
lysates from THP-1 cells treated with CpG-ODN for 8-24 h 
(Fig. 2A). Similar studies showed that the ARF-3 protein was 
also induced by mouse specific CpG-ODN in other TLR9 
expression cell lines such as the mouse macrophage 
RAW264.7 cell line (Fig 2B). 

3.3 Proteins regulated in CpG-ODN stimulated THP-^1 
cells 

To further assess whether there was any correlation between 
regulation of gene expression and expression of ceDular pro- 
teins, a proteomic approach was adopted to identify protein 
expression profiles. THP-1 cells were treated with CpG-ODN 
for defined times (from 8 to 40h), and their cytoplasmic 
proteins were extracted for 2-DE analysis. Although the use 
of high concentrations of urea might give us a broader view 
of all the proteins affected by CpG-ODN, preliminary results 
from 2-D gels showed that the resolution of the protein mix- 
tures were not satisfactory. To improve and get the best reso- 
lution from 2-DE, total proteins were roughly separated into 
supernatant and precipitated fractions using 50% saturated 
ammonium sulfate solution. To remove salts and other con- 
taminants, both protein fractions were precipitated with TCA 
solution and then subjected to 2-DE. By protein spot deter- 
mination analysis, about 500 and 450 well-resolved spots 
were observed on each pH 3.0-10.0 gel for precipitated or 
supernatant fractions, respectively. Comparative analysis of 
2-DE between treatments and control showed that the inten- 
sities of the protein spots from the ammonium sulfate pre- 
cipitated fraction did hot change, while several protein spots 
were up-regulated by at least -80% in the supernatant frac- 
tion of 8h CpG-ODN stimulated THP-1 cells (Fig. 3). 

The protein spots were individually excised from gels for 
rurther identification. After trypsin digestion, several protein 
spots were identified without ambiguity by MS MALDI- 
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Untreated CpG 




Figure 3. The effect of CpG-ODN on the 2-DE profile of THP-1 
cells. THP-1 cells were treated with or without 1.5 um, CpG-ODN 
for 8h. Total proteins were extracted and roughly separated into 
two fractions by 50% saturation with ammonium sulfate. The 
supernatant fraction was then separated by 2-DE. Protein spots 
were visualized by SYPRO Ruby staining. Comparison of CpG- 
ODN treated THP-1 cells to untreated cells showed that these 
proteins changed in intensity by over 80%. Protein spots were 
identified by trypsin digestion and MS. Localization of protein 
spots 1 (enoly-coenzy me A hydratase), 2 (proteasome a) and 3 
{cyclophilin A; two isoforms) are shown. The experiment was 
repeated three times with similar results. 

TOF. These proteins included HSP60, HSP90, cydophi- 
lin A, enoyl-coerizyme A hydratase, eukaryotic translation 
elongation factor, proteasome a and p chain and ATP syn- 
thase beta chain (Table 5). Similar experiments on cells 
treated for a longer period of time with CpG-ODN stimu- 
lation (25 h) revealed that 27 protein spots were changed in 
intensity by at least -80%. These protein spots contained 
members of HSPs (HSP27, hsc70, grp78 and grp94), 
metabolic enzymes (phosphoglycerate kinase (PGK) and 
pyruvate kinase (PYK)), macrophage capping protein and 
cyclophilin A (Table 6). Among these proteins, macrophage 
capping protein, PGK, PYK, cyclophilin A and HSP27 
(Figs. 4 and 5A) were found to be up-regulated. Interest- 
ingly, we found that a truncated form of grp78 with an 
expected mass of 25 kDa and pJ of 5.3 was up-regulated 
while grp78-itself was down-regulated.^ similar situation 
was also found for grp94 and hsc70 and their truncated 
derivatives (Table 7 and Fig. 5). In addition, we also ob- 
served six down-regulated protein spots on 2-D gels in 
samples after 25 h CpG-ODN treatment. Among these six 
proteins, we have successfully identified three as 40s ribo- 
somal protein SA, grp78 and hsc70, respectively (Table 6), 
while the other three, due to their relative low abundance, 
have not been identified yet. 
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Table 5. List of proteins modulated by 8h CpG-ODN treatment 



Protein name 


Accession 


Mr 




Matched . 


Cover- 


Score 


Expression 




ho. 


(theor.) 


(tneor.) 


no. 


age% 




TOiu 


ATP synthase beta-chain 


gi1 14549 


56 525 


5.26 


16 


58 


171 


233 ± 0.06 


CyclophiHnA 


P05092 


17870 


7.82 


5 


35 . 


62 


2^5 ±6.13 


Enoyf-Coenzyrhe A 


gi4503447» ) 


» 35 971, 


6.61 


11 


44 


62 


2.52±G-05 


hydratase '." 
















Eukaryotic translation 


gi4503481 


50087 


6.25 


6 


25 


68 


3.41 ± 0.21 :[ 


elongation factor 
















HSP60 


P10809 w 


57 963 


5.24 


13 


27 


76 


2.78 ± 0.03 


HSP90-beta 


P06238 


83133 


4.97 


10 


18 


65 


2.36±fX10 


Prbteasome a chain 


g>4506181 


25 882 


6.92 


11 


59 , 


80 


252 ± 0.11 


Proteasome 0 chain 


gi4506193 


26 472 


8.27 


9 


46 


84 


3.85 ±0.17 



Expression fold Is designated as the ratio of CpG-ODN treated over control 

a); NCBI accession number 

b> Swiss-Prot accession number 



Table 6. List of proteins modulated by 16 and 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot Mj 


P' 


Match- 


Cover- 


Score 


Expression fold 




no; 


(theor.) 


(theor.) 


ed no. 


age% 




16h 


25 h 


CyclophilinA 


PQ5092 


17 870 


7.82 


5 


35 / 


62 


2.53 ± 0.02 


Z48 + 0.15 


78 kDa glucose regulat- 


P11021 


72 288 


5.07 


13 


30 


148 


0.61 ± 0.04 


0.29±0.06 


ed protein (grp78) 


















HSP27 


P04792 


22 768 


5.98- 


12 


59 


124 


1.00 ± 0.01 


2.61 ±0.12 


Heat shock cognate 


PI 11 42 


70 854 


5.37 


16 


34 


114 


0.64 ± 0.01 


0.31 ± 0.03 


70 kDa protein 


















(hsc70) 


















Macrophage capping 


P40121 


38 494 


5.88 


9 T 


30 


58 


1.31 ±0.01 


2,58 ±0.03 


protein 


















Phosphoglycerate 


P00558 


44 284 


7052 


11 


33 


71 


2.32 ± 0.11 


4.23 ± 0.19 


kinase 


















Pyruvate kinase 


P14618 


57 710 


7.95 


17 


32 


114 


1.65 ± 0 07 


2.70 + 0.12 


40s rtbosomal protein ■ 


P08865 


32 833 


4.79 


5 


23 


61 


0.33 ± 0.02 


0.35 ± 0.05 


SA (RSP40) 



















. . • ■ v • 

Table 7. List of truncated proteins detected in THP-1 cells after 25 h CpG^ODN treatment 



Protein name 1 


Swiss-Prot 


Mr 


Pt 


Matched 


Cover- 


Score 


Expression 




no. 


(obs.) 


fobs.) 


no. 


age% 




fold 


94 kDa glucose-regulated 


P14625 


-59 700 


-5,00 


12 


14 


104 


New*' 


protein (grp94) 
















Truncated form of grp78 


PI 1021 


-25000 


-5:30 


12 


22 


75 


New 


Truncated form of hsc70 


P11142 


-22000 


-5.80 


12 


20 


96 


New 


Truncated form of hsc70 


P11142 


-19000 


-6.10 


11 


18 


113 


New 



a) New designated proteins detected in the CpG-ODN treated gel but not in the corresponding control gel 



3.4 Comparison of micro array and proteomic results 

Table 8 shows the expression of six genes and their corre- 
sponding proteins that were modulated by 8h treatment of 
THP-1 cells with CpG-ODN. Besides enoyl-coenzyme A 
hydratase, there was poor correlation between the expression 



of . genes and their corresponding proteins (Table 8), sug- 
gesting that more in-depth studies were needed. To further 
evaluate whether changes observed in protein expression 
correlated with changes in mRNA levels, we randomly chose 
two proteins (PGK and PYK) that were induced after 16 h 
CpG-ODN treatment and detenmned their mRNA levels by 
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figure 4. 2-D gel electrophoretic analysis of CpG-ODN-treated 
THP-1 cells. tA) Total cell protein from unstimulated THP-1 cells 
was subjected to 2-DE (B) THP-1 cells were treated with or with- 
out 1.5 mm CpG-ODN for defined times. Cellular proteins were 
extracted and separated by 2-DE. Several up-regulated proteins 
are shown in the SYPRO Ruby staining gel. Comparison of CpG- 
ODN treated THP-1 cells to untreated cells showed that these 
proteins changed in intensity by over 80%. The experiment was 
repeated three times with similar results. 




Rgure 5. 2-D gel electrophoretic analysis of CpG ODN-treated 
THP-1 cells. THP-1 cells were treated with or without 1.5 mm CpG- 
ODN for defined times. Cellular proteins were extracted and 
separated by 2-DE. Protein spots were detected by SYPRO Ruby 
staining. (A) Expression of HSP27 was induced by increasing the 
period of CpG-ODN stimulation. A truncated form of hsc70 was 
detected on the gel. (B) The native form of grp78 was detected in 
untreated cells, while the truncated form of grp78 was observed 
after 25 h stimulation. The experiment was repeated three times 
with similar results. 
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Table 8. Comparison of gene and protein expression levels in 
THP-1 cells after 8 h CpG-ODN treatment 



Protein name 


Gene 


Protein 




expression 


expression 




fold from 


fold from 




microarray 


2-Dgel 


EnoyhCoenzyrrte A hydrolase . 


1/72 ± 0.31 


2.52 ±0.05 


Eukaryotic translation 


0:95 ± 0.01 . 


3.41 ± 0.21 


elongation factor 






HSP60 


0.94 ± 0.07 


2.78 ±0.03 


HSP90-beta 


1^8 ±0.11 


2.36 ±0.10 


Proteasome a chain 


0.98 ± 0.03 


2.52 ±0.11 


Proteasome 0 chain 


1.09 ±0.11 


3.85 ± 0.17 



RT-PCR. Our results showed that mRNA levels of PYK 
increased after 16 h CpG-ODN treatment, while mRNA 
levels of PGK were dramatically increased after 24h stimu- 
lation (Fig. 6). In addition, we also performed enzyme activ- 
ity analysis and found that the activity of PGK and PYK were 

3.5 
3 

£ 23 



(A) 

□ GpC-ODN 
m CpG-ODN 




4 8 

Time (h) 

Rgure 6. Activities of PYK and PGK induced by CpG-ODN. THP1 
cells were stimulated with medium alone, 1.5 mm GpC-ODN (as 
the negative control) or CpG-ODN for the indicated times. Cell 
lysates were extracted and assayed for (A) PYK and {B) PGK ac- 
tivities. Data represent mean ± SEM. in = 3). 
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Figure 7. Induction of PYK and PGK transcripts by CpG-ODN. 
THP1 celts were stimulated with medium alone, 1 .5 jim GpC-ODN 
or CpG-ODN for the indicated times. RT-PCR was then performed 
to analyze gene expression, p-actin was used as an internal con- 
trol. The experiment was . repeated three times with similar 
results. 



indeed increased by a factor —25 after CpG-ODN stimula- 
tion (Fig. 7). To confirm that mRNA induced by CpG-ODN 
would also be accompanied by an increase in protein 
expression even though it was not detected in 2-D gel analy- 
sis, we used more sensitive and specific Western Hotting 
analysis. As shown in Table 3 and Fig. 2, ARF-3 was identi- 
fied in the rnicroarray gene profile but not in the proteomic 
expression profile. Nevertheless, we observed enhanced pro- 
tein expression of ARF-3 after CpG-ODN, stimulation by. 
Western blotting. Moreover, to investigate whether the up- 
regulation of ARF-3 by CpG-ODN is mediated through the 
TLR9 pathway, TLRWeficient HEK293 cells were transiently 
cotransfected with hTLR9 and luciferase-reporter gene driv- 
en by a NF-icB-dependent promoter. Our data showed that 
NF-kB activity of unrransfected HEK293 cells were not 
responsive to CpG-ODN stimulation, while in transfected 
HEK293 cells expressing hTLR9, NF-kB luciferase activity 
was up-regulated 12-fold after 8h CpG-ODN stimidation. 
The activation of NF-kB induced by CpG-ODN was blocked 
by pretreatment of the transfected cells with an ARF-3 in- 
hibitor, such as brefddin A (Fig. 8), suggesting CpG-ODN 
induces ARF-3 and activates NF-kB after the interaction of 
CpG-ODN with TLR9. 



4 Discussion 

In this study both rnicroarray and proteomic approaches 
were used to evaluate the effect of CpG-ODN on gene/pro- 
tein expression profiles of THP-1 cells at several time points. 
Comparison' of the gene expression profiles showed that 
stimulation of the ceDs with CpG-ODN for different periods 
of time resulted in different profiles (Tables 1-4). The differ- 
ences in mRNA expression between the cells with short and 
long stimulation could be attributable to the low reproduci- 
bility. However, to avoid experimental variations, we not only 
used the same batch of microarrays from the same manu- 
facturer but also applied the samples of short and long term 
stimulation at the same time. In this way we found that the 



903 



changes hi expression fold of mRNA after CpG-ODN treat- 
ment were quite reproducible as shown by their mean 
± SEM (Table 4). A more likely explanation for the difference 
in the expression level of mRNA after different periods of 
stimulation with CpG-ODN is that the transient increase or 
decrease in these mRNA by CpG-ODN plays a significant 
role in modulating biological functions. For example, we 
found that the IL-18 receptor accessory' protein from THP-1 
cells was up-regulated after 2h of CpG-ODN stimulation. 
The ILrl8/IL18R system is known to activate Thl-mediated 
immune responses that play a critical role in host defense 
against infection [26]. Together with IL-18/IL18 R, several 
genes for antimicrobial defense were also increased, includ- 
ing thioredoxin, Pro^Pol-dUTPase pofyprotein and Spl40. 
After 8h of CpG-ODN stimulation, however; none of these 
genes was activated any more (Table 4); Since sustained or 
excessive production of these antimicrobial molecules might 
lead to inflammation and cellular damage [27], a plausible 
explanation is that THP-1 cells fight against the invasion of 
pathogens by up-regulating antimicrobial defense-associated 
genes at an early stage of stimulation and then shut them 
down to avoid over-activatioh. Whether this explanation is 
true remains to be Verified. 

It is noteworthy that our data also identified the up-reg- 
ulation of several antiinflammatory associated genes after 
8h of CpG-ODN stimulation. These genes included FPRL1, 
IL-10 receptor, vitamin D receptor, and LxR (Table 3). FPR 
and FPRL1 have been defined as chemotactic factors 
involved in host defense against bacterial infection and in the 
clearance of damaged cells. Additional studies have indicated 
that FRPL1 interacts with a menagerie rfstnicrurally diverse 
pro 1 and anti-inflammatory ligands associated with diseases, 
including amyloidosis, Alzheimer/ s diseases, prion disease 
and HIV [28, 29]. Therefore, FPRL1 may play an important 
role in regulating and/or balancing the production of pro- 
and anti-inflammatory molecules in CpG stimulated THP-1 
cells. Additionally a recent study has demonstrated that LxRs 
and their ligands act as negative regulators of macrophage 
inflammatory ' gene expression and inhibit the expression of 
inflammatory mediators such as inducible nitric oxide syn- 
thase, cyclooxygenase and IL-6 in response to bacterial 
infection or LPS stimulation [30]. Of interest, we found that a 
transcription factor gene connexin 59, a regulator of IL-6 
expression, was up-regulated after 2 h of CpG-ODN stimula- 
tion. It is thus likely that CpG-ODN stimulation of THP-1 
ceDs for 2h may induce the expression of the pro-inflamma- 
tory cytokine IL-6 through the up-regulatiori of the connexin 
59 gene, while 8h of CpG-ODN treatment may counter- 
balance the initial inflammatory response by inducing LxR to 
inhibit IL-6 production. 

Signal transduction molecules play an important role in 
cellular activation. Intracellular signal transduction systems 
employing various intermolecular interactions through 
docking elements, including SH2 and SH3 domains, have 
been reported [31-33]. Here we found that THPl cells 
treated with CpG-ODN for 2h up-regulated gene expression 
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of Grb2-like protein (which contains an SH3 domain), while 
8h of stimulation induced Nek, Ash and phospholipase C 
binding protein (NAP4 which contains an SH2 domain). It is 
thus possible that GrbiMike protein and NAP4 may play 
important roles in CpG-ODN mediated signaling pathways. 
Furthermore, recent studies have also revealed that binding 
of CpG-DNA to TLR9 results in activation of JNK [34], Since 
JNK is activated by Nek adaptor protein and Nek interacting 
kinase [35, 36], it is possible that CpG-ODN may activate JNK 
via up-regulation of NAP4. Although a recent publication 
described the gene expression profiles of a cultured mouse 
macrophage cell line after CpG-DNA stimulation [34], their 
microarray results were only conducted at one time-point 
(6h stimulation). Moreover, they did not report the meas- 
urement of protein expression profiles in response to CpG 
ODN stimulation. 

Comparison of the gene and protein expression profiles 
showed that there was discordance between mRNA and pro- 
tein levels (Table 8). Similar discordance between the 
expression pattern of genes and proteins was also reported in 
other system using different stimuli [37-41]. The dis- 
cordance between mRNA and protein levels could be due to 
screening capability such as detection sensitivity, choice of 
cut-off point, quantitativity of microarray and 2-D gels, as 
well as time discrepancy between gene and protein expres- 
sion [39, 40, 42, 43]. Alternatively, it could also be explained 
by posMrancriptional events, such as alternative splicing or 
PTM [39, 40, 42, 43]. Another possible explanation is that 
most of the spots observed in the 2-D gels are isoforms of 
some proteins. The intensity of each spots does not neces- 
sary represent total amount of a certain protein and thus 
does not correlate with its mRNA level. Our finding that 
microarray results correlated better with Western blotting 
results (eg., ARF-3 in Fig. 2), an approach more suitable than 
2-D gels for determining the total amount rather than iso- 
forms of a given protein, seems to suggest that formation of 
isoforms should be carefully taken into consideration when 
one tries to correlate mRNA and protein expression data. 

Using a proteomics approach, we found that CpG-ODN . 
treatment up-regulated the expression of many proteins 
including HSPs, metabolic enzymes, structural proteins, as 
well as macrophage capping protein, cydophilin and protea- 
> some a arid 3 chain etc. HSPs are the most abundant and 
ubiquitous soluble intraceUular proteins. They are up-regu- 
lated by various stressors including temperature, glucose 
deprivation, microbial infection and cancer [44]. They func- 
tion as molecular chaperones to prevent protein aggregation 
and contribute to the folding of nascent and altered proteins. 
In addition, they are able to regulate immune responses, 
including production of inflammatory cytokines and che- 
mokines and activation or maturation of immune cells [45, 
46J. Beside HSPs, cyclophilin as well as proteasome a and 0 
chain have also been reported to be involved in the immune 
response |39, 47];- proteasome 3 chain is consistently up- 
regulated in human neutrophils following LPS exposure |39J. 
Our finding that the protein levels of HSPs, cyclophilin, and 



proteasome a and P chain were increased after CpG-ODN 
treatment suggests that these molecules might play a role in 
the irnmunostimularing effect of CpG-ODN. To what extent 
these proteins contribute to the immune responses of the 
cells to CpG-ODN is currently under study, Proteomic anal- 
ysis also showed that truncated forms of grj>78, grp94 and 
hsc70 were induced, a phenomenon similar to calreticulin 
observed by Richards and his coworkers [48], The expression 
of full length hsc70 and grp78 were decreased while the 
levels of their truncated derivatives was increased after CpG- 
QDN treatment These results suggest that the degradation 
of these proteins has been enhanced. We also found that 
proteosorhe a and 0 chains as well as ubiquitin specific pro- 
tease 12 were increased by CpG-ODN. Whether these 
enzymes or other enzymes were responsible for the genera- 
tion of truncated hsc70 and grp78 rernains to be elucidated 
Cells rely on multiple signaling pathways to determine 
their fates of survival, proliferation or apoptosis [49]. In fact, 
apoptosis plays an important role in regulating pathogen 
infection. To be able to grow and replicate in the target cells, 
pathogens may have to block apoptosis. Results from several 
laboratories have made it clear that HSP70 and HSP27 pro- 
tect cells not only from heat, but also from most apoptotic 
stimuli [48, 50] by binding to Akt and subsequently mediat- 
ing anti-apoptotic activity through activation of Akt [51-53]. 
Since our data revealed that CpG-ODN induced the expres- 
sion of HSP90 and HSP27, it is possible that CpG-ODN 
might prevent apoptosis by up-regulation of HSPs- 

Interestingly, our microarray data also showed that CpG- 
ODN mediated the induction of a set of genes associated 
with tumor progression and cell proliferation. Among these, 
one gene, WISP-2, was up-regulated by CpG-ODN after both 
2 and 8h stimulation. WISP genes were first identified as 
downstream targets of the WnMp-catenin signaling. path- 
way. They belong to the CCN family of growth factors that 
have been receiving increasing attention lately due to some 
of the family members having been reported to be involved 
in angiogenesis and tumorigenesis [54]. It would be inter- 
esting to evaluate whether CpG-ODN plays a role in angio- 
genesis and tumorigenesis by regulating WISP-2. In addi- 
tion, we found that some genes associated with neurode- 
generation or neuroprotection, such as FPRL1, NMDAR 
(NM DA) receptor, PKC and dishevelled 3 were up-regulated. 
To our knowledge, this is the first report to suggest an asso- 
ciation between these genes and CpG-ODN stimulation. As 
mentioned above, FPRL1 plays a crucial role in proin- 
flammatory aspects of systemic amyloid sis and neurodegen- 
erative disease such as Alzheimer's disease and prion disease 
[28]. NMDAR, PKC and disheveled are involved in modulat- 
ing amyloid precursor protein metabolism, which is central 
to the pathogenesis of Alzheimer's disease [55-57]. Most 
notably, recent studies have shown that theTLR4-dependent 
pathway is involved in neurodegeneration of the central 
nervous system [58].- Whether CpG-ODN moieties of patho- 
gens play any role in neurodegenerative diseases such as 
Alzheimer's remains to be elucidated! 
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Figure 8. ARF-3 participates in the CpG-ODN-TLR9-NF-icB path- 
way. HEK293 cells were cotransfected with p5xNF-icB and human 
TLR9. After overnight transfection, the cells were incubated, with 
or without 1.5 m CpG-ODN for 8 h in the presence or absence of 
increasing concentrations of the ARF-3 inhibitor brefeldin A 
After incubation, cells were hysed and. NF-kB luciferase activity 
was measured. Data represent mean ± SEM. [n = 3). 



Exposure of cells to LPS or microbial infection has been 
known to induce several genes encoding metabolic enzyme 
[34, 39J. Our microarray data also revealed that a large number 
of genes encoding proteins involved in energy synthesis and 
fatty acid oxidation, such as enoyl-coenzyme A hydratase, 
propionyl coenzyme A carboxylase and cytochrome p450 
were activated by CpG-ODN treatment In addition, we found 
that other proteins such as ARF-3 were up-regulated (Table 3 r 
Fig. 8). ARFs are 20kDa GTPases of the ras superfamily that 
are critical to vesicular trafficking, including exocytic protein 
transport and endocytosis [59, 60]. This study demonstrates 
for th e first time that ARF-3 is involved in the activation of N F- 
kB induced by CpG-ODN (as shown in Fig. 8} 

CpG-DNA/ODN has been shown to elicit primarily 
responses via the TLR9/MyD88 dependent pathway [18, 21, 
22]. Chromosome location analysis showed that instead of 
localizing on one or two chromosome, the genes/proteins 
modulated by CpG-ODN stimulation are scattered on all 
chromosomes except chromosomes 23 and 24. These results 
seem to suggest that CpG-ODN either affects multiple chro- 
mosomes simultaneously or subsequently via cascades of 
cellular messengers. More studies are needed to elucidate its 
mechanism of actions. 



5 Concluding remarks 

"v. 

In summary, by using microarray and proteomic approaches 
to evaluate the effect of CpG-ODN at different time points, 
we have found that genes/proteins regulated by CpG-ODN 



are related to infkmmatory responses, antimicrobial defense; 
transcriptional regulation, intracellular signal transduction, 
tumor progression, cell differentiation, proteolysis, anti-apop- 
tosis as well as neurodegeneration and neuroprotection. Our 
results may help delineate the CpG-ODN mediated pathway 
and contribute to further understanding of mechanisms that 
link innate immunity with acquired immune responses). 
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Quantification of CK20 gene and protein expression in colorectal cancer 
by RT-PCR and immunokistochemistry reveals inter- and intratumour 
heterogeneity. 

LassmannS, Bauer M, Soong R, Schreglmann J Tabid K . NahrigJ. Ruger R, 
Hotter H. Werner M . ~~ — fc ^ 

Pathologisches Institut, Univereitatsklinikum Freiburg, Albertstrasse 19, 79104 Freiburg, 
Germany, lassmann@ukl.uni-freiburg.de 

Cytokeratin 20 (CK20) is an epithelial protein expressed almost exclusively in the 
gastrointestinal (GI) tract and is widely used as immunohistochemical marker for routine 
diagnosis. In contrast, CK20 gene expression is not an established marker for the 
classification of tumours and the detection of disseminated cancer cells in colorectal 
cancer. Recently, real-time reverse transcriptase polymerase chain reaction (RT-PCR) has 
provided the means for reproducible and quantitative investigation of molecular markers. 
This report directly compares CK20 mRNA and protein expression in serial sections of 
archival, formalin-fixed, paraffin-embedded (FFPE) colorectal adenocarcinomas. CK20 
expression was detected by immunohistochemistry (IHC) in 60/63 (95.2%) cases by 
conventional RT-PCR in 58/60 (96.7%) and by quantitative RT-PCR using the 
LtghtCycler (LightCycler is a trademark of a Member of the Roche Group) System in 
29/32 (90.6%) microdissected cases, one case yielding variable results. Despite the high 
detection rate of all three techniques, marked heterogeneity of CK20 expression was seen 
between different cases and also within individual cases. CK20 expression profiles were 
not related to particular histopathological features of the tumours. A good correlation (r = 
0.8964) was found between CK20 mRNA and protein expression by comparing 
quantitative RT-PCR with IHC in 32 cases. This was also true for selected heterogeneous 
tumour cells within individual cases. Both RT-PCR and IHC are therefore valuable tools 
forCK20 detection in colorectal adenocarcinoma, with real-time RT-PCR providing 
supplementary quantitative information. This suggests a promising supportive role for 
quantitative RT-PCR in molecular pathology. Copyright 2002 John Wiley & Sons, Ltd. 
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Enhanced expressions of arachidonic acid-sensitive tandem-pore domain 
potassium channels in rat experimental acute cerebral ischemia. 

LLZB, ZhangJHK, LiLL, WangJCL. 

S « f Materm Medic^ Chinese Academy of Medical Sciences and Peking Union 
Medical College, Beijing 100050, China. 

To further explore the pathophysiological significance of arachidonic acid-sensitive 
potassium channels, RT-PCR and Western blot analysis were used to investigate the 

ZT^Z ° f TRE 5 ChanneIS k^* 1 * "KPOcampus in rat experimental 

acute cerebral ischemm in this study. Results showed that TREK-1 and TRAAK mRNA 
ui cortex, TREK-1 and TREK-2 mRNA in hippocampus showed sigmficarUinW^2 h 

T ! T ? 0CClUSi0n (MCAO>. While the mRNA expression levels of 
tteaU three channel subtypes increased significantly 24 h after MCAO in cortex and 

Sw^^ * C SamC tIme ' tHe Pr ° tein ex P r ^ions of all the three channel proteins 
TWKlTT mCrC T 24 h Efter MCA ° * ^d hippocampus, but omy 
T^J?™? "T^ ex P ression 2 h after MCAO in cortex and hippocampus. 
Immunolus tochemical experiments verified that all the three channel proteins had higher 
expression levels m cortical and hippocampal neurons 24 h after MCAO. These resuS 

™SS. a T Clati0n betWCen TREK Channels acute iscTemTa 
l KfcK channels rmght provide a neuroprotective mechanism in the pathological process. 

PMDD: 1 5652517 [PubMed - indexed for MEDLINE] 
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Retinal preconditioning and the induction of heat-shock protein 27. 
LiY, Roth^S, LaserM, Ma JX, Crosson CE . 

^^mL°U^ lm0l0ey ' MediCal UniVCrSity ° f S ° Uth Caro '-a, Charleston, South 

PURPOSE: Brief periods of ischemia have been shown to protect the retina from 
potently damaging penods of ischemia. This phenomenon has been termed ischemic 
pre^ndinonmg or ischemic tolerance. In the present study the cellular cSSitoSSs 
of heat shock protein (Hsp)27, -70, and ,90 mRNA and expression of Hsp in the ra t Sna 
associated with ischemic preconditioning were evaluated. METHODS: Unila eTaST 
ischenua was created in Long-Evans and Sprague-Dawley rats for 5 minuS Stre 

11 I f T 1 t0 7 dayS ' fo all0W ** retina t0 re P erft *e- Retinas were dissected L 
mRNA and protein isolated, and Northern and Western blot analyses 

changes m expression of Hsp27, -70, and -90. IrnmunohistochemLl studied - Z^L 

identify retinal regions where Hsp changes occurred. Selected animals were suoWto 

a second ischemic event, 60 minutes in duration, to correlate the chang^exprS Sn of 

Hsp with fimctional protection of the retina from ischemic injury. RIS&toX££i 

ST? r maIS ; etinaI HSP2? ' - 70 ' «* - 90 -RNAs we detectable. Five 
hours after retinal preconditioning, levels of Hsp27 mRNA were elevated above control 
levels, and 24 hours later, mRNA levels increased 200% over basal leveTs Hsp27 

S P dS W6re mCreaSed by 200% over basal ,ev ^ 24 hours after 

!1TJ P re ™* dltl °™g> remained at this level for 72 hours, and then returned to control 
levels. In contrast no consistent change in Hs P 70 or -90 mRNA or protein levels was 
observed during the course of the study. Immunochemical studies demons^ that 
the increase m expression of Hs P 27 was localized to neuronal and non-neuror^Us T ■ 
pinner layers of the retina. Electroretinography studies demonstrated a strong 
correlation between the protection of retinal function from ischemic injury and the 

CONCLUSIONS: These resuits provide evidence thaUhetduction 
of Hsp27 is a gene-spec,fic event associated with ischemic preconditioning in the retina 

Sis l ZZZ7?r ° f HSP2? ° C T ^ b ° th ^ ~ona^uT 
PMID: 12601062 [PubMed - indexed for MEDLINE] 
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Increasing expression of tissue plasminogen activator and plasminogen 
&SS!SIiifi?* ,tor ^ ? ^ d ° g ^k^ 1 4158,165 With P r °S ressive 

Urokinase and tissue-type plasminogen activators (u-PA and t-PA) are serine nroteases 
meta Ioprotemases The PAs are balanced by specific inhibitors (PAI-1 andPAI-5 
^r^T ^"^r 6 PAI " 2 W3S reCent * ^nstrated in lunuT^J". 
2 n n ° W r S ^ mVeStlgate 016 P rcduction «* localization of t- P* and PAI- 

hluhvT^ ^ fr0m d ° gS m thrCe ^""d^ Periodontal conditions; clinically 
ant^SrAMH ?T ?T WtiS ^ 811 initkl Sta ^ e ^ ligature-induced lo s of 7 
attachment. At flic start of the experiment the gingiva showed clear signs of 

SJSSTaS Were obtained ^ 21 days Jeriod of intense 
sol S R,W ^ ^ mdUCed by Pladn e ligatures around the neck of 
preTJStrt Sn l h ^ ? ^ re P reSentin g di ff^ent conditions and ' 

prepared for in situ hybridization and immunohistochemistry. In clinically healthy 
gingiva both t-PA mRNA and antigen were expressed in aflan oute layL oTthe sulcular 

mRNA signaling .and immunostaining for t-PA were stronger in chronic gingivitis In 
areas witti loss of attachment, t-PA mRNA as well as antigen were todIX suicular 

issue was involved, especially in connection with vessels. PAI-2 mRNA was seen in a 
thin outer layer of the sulcular and junctional epithelia in clinicallyShy but 
no signals were seen in connective tissue. PAI-2 antigen was found primaXm me 
wei« stoned T^ 6 ? ? U ! a . r Junctional epithelia. Some cells in the connTOtrve tissue 
were stamed. In gingivitis, PAI— 2 signals were mainly found in the same locations but 

1!^ t 3nd J unct,onal ^^lia as well as in the upper part of the 

connective ussue, close to the sulcular epithelium. In sites with loss of attachment PAI- 
2 mRNA was found throughout the sulcular and junctional epithelia, as wasTe antigen 
^2TT DSdy ?° PAI ~ 2 mRNA W3S Seen in eonn'ective tissue; 'iZZSgS* 
^ 1 PA?t - eSPeC,aI,y ^ VCSSelS " ™ S s ^y^s that the expression of bfth t- 
fofo^ I TT 1 L Wth e T rimental i« fl a™mation in the dog, and 

rurthermore, the two techniques demonstrate a strong correlation between the 
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Effect of duration of fixation on quantitative reverse transcription 
polymerase chain reaction analyses. 

Macabeo-Onpr M , GinzingcrDG, DekkerN. McMillan A . RegeziJA Wong DT 
Jordan RC . 7 — ^ 

Oral Pathology, Department of Stomatology, University of California San Francisco 
California 94143-0424, USA. 

Increasingly, there is the need to analyze gene expression in tumor tissues and correlate 
these findings with clinical outcome. Because there are few tissue banks containing 
enough frozen material suitable for large-scale genetic analyses, methods to isolate and 
quantify messenger RNA (mRNA) from formalin-fixed, paraffin-embedded tissue 
sections are needed. Recovery of RNA from routinely processed biopsies and 
quantification by the polymerase chain reaction (PCR) has been reported; however the 
effects of formalin fixation have not been well studied. We used a proteinase K-salt 
precipitation RNA isolation protocol followed by TaqMan quantitative PCR to compare 
the effect of formalin fixation for 24, 48, and 72 hours and for 1 week in normal (2) oral 
epithelial dysplasia (3), and oral squamous cell carcinoma (4) specimens yielding 9 fresh 
and 36 formalm-fixed samples. We also compared mRNA and protein expression levels 
using immunohistochemistry for epidermal growth factor receptor (EGFR) matrix 
metalloproteinase (MMP)-l, P 21, and vascular endothelial growth factor (VEGF) in 15 
randomly selected and routinely processed oral carcinomas. We were able to extract 
RNA suitable for quantitative reverse transcription (RT) from all fresh (9/9) and 
formalm-fixed (36/36) specimens fixed for differing lengths of time and from all (15/15) 
randomly selected oral squamous cell carcinoma. We found that prolonged formalin 
fixation (>48 h) had a detrimental effect on quantitative RT polymerase chain reaction 
results that was most marked for MMP-1 and VEGF but less evident for p21 and EGFR 
Comparisons of quantitative RT polymerase chain reaction and immunohistochemistry ' 
snowedthat for all markers, except p2I, there was good correlation between mRNA and 
protein levels. p21 mRNA was overexpressed in only one case, but protein levels were 
elevated in all but one tumor, consistent with the established translation^ regulation of 

P u ^TT rCSUltS Sh ° W th ' 1 KUA 030 be re,iabl y iso,ate<1 from formalin-fixed, paraffin- 
embedded tissue sections and can produce reliable quantitative RT-PCR data However ' 

results for some markers are adversely affected by prolonged formalin ' 
PMID: 12218216 [PubMed - indexed for MEDLINE] 
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Median TP , PuettD, Naravaa P 

" Mote " d « ■*» «*«*y of a** a*«* 

We have previously reported the construction of a corstitutively active luteinizing 
ST!? rT tor ^ T* lert * ltaki "e » fused heterodtaerie homo^ne 

"SS/wtw^ £ *S ? pro 'f in -»P W Yoked hornfonteceptor 

complex (YHR) was found to produce hi eh levels of cA MP in th* oU«<> c 

J was found that YHR expression was greatly reduced. Herein we describe the 
developrnent 0 f clonal lines of HEK 293 cells in which the a^Z^^i, under 

o'SSa^r 1011 ^ ^ " <*" Sy5tem Wi » dlow f ° r ^ -ore detaiS analysis 
to S^T 8 P ? 1* aSSGCiated with constitutive receptoractivation and inwo ve 
to be advantageous m developmental studies with transgenic animak * 

PMID: 14766006 [PubMed - indexed for MEDLINE] 
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Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in 
human membranous nephropathy. 

Mezzano SA, Droguett MA : Burgos ME, Ardiles LG. ArosJgA T CaorgjJ^ F^fdoJ 

Division of Nephrology, School of Medicine, Universidad Austral, Valdivia, Chile. 
srnezzano@uach.cl 

Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in human 
membranous nephropathy BACKGROUND: Proteinuria plays a central role in the 
progression of glomerular disease, and there is growing evidence suggesting that it may 
determine tubular cell activation with release of chemokines and fibrogenic factors, 
leading to interstitial inflanuriatory reaction. However, most studies on this subject have 
been performed in experimental models, and the experience in human kidney biopsies 
has been scarce. We analyzed the tissue sections of patients with idiopathic membranous 
nephropathy (IMN), a noninflammatory glomerular disease that may follow a progressive 
disease with heavy persistent proteinuria, interstitial cell infiltration, and decline of renal 
function. METHODS: Paraffin-embedded biopsy specimens from 25 patients with IMN 
(13 progressive and 12 nonprogressive) were retrospectively studied by 
immunohistochemistry [monocyte chemoattractant protein- 1 (MCP- 1 ), regulated on 
activation normal T-cell expressed and secreted chemokine (RANTES), osteopontin 
(OPN), platelet-derived growth factor-BB (PD-GF-BB)] and in situ hybridization [MCP- 
I, RANTES, PDGF-BB, transforming growth factor-betal (TGF-betal)]. Moreover, we 
studied the presence of myofibroblasts, which were identified by the expression of alpha- 
smooth muscle actin (alpha-SMA), the monocytes/macrophages (CD68-positive celts), 
and T-cetl infiltration (CD4+ and CD8+ cells). AH of the patients were nephrotic and 
without treatment at time of the biopsy RESULTS: A strong iip-regulation of MCP-1, 
RANTES, and OPN expression was observed, mainly in tubular epithelial cells, with a 
significant major intensity in the progressive IMN patients, A strong correlation between 
the mRNA expression and the corresponding protein was noted. The presence of these 
chemokines and OPN was associated with interstitial cell infiltration; TGF-beta and 
PDGF were also up-regulated, mainly in tubular epithelial cells, with a stronger 
expression in the progressive IMN, and an association with the presence of 
myofibroblasts was found. CONCLUSIONS: Patients with severe proteinuria and 
progressive IMN have an overexpression in tubular epithelial cells of the chemokines 
MCP-1, RANTES, and OPN and the profibrogenic cytokines PDGF-BB and TGF-beta. 
Because this up-regulation was associated with an interstitial accumulation of 
mononuclear cells and an increase in myo fibroblastic activity, it is suggested that those 
mediators are potential predictors of progression in IMN. Finally, based on experimental 
data and the findings of this article, we speculate that severe proteinuria is the main factor 
responsible for the up-regulation of these factors in tubular epithelial cells. 
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Decreased uncoupling protein expression and intramyocytic triglyceride 
depletion in formerly obese subjects. 

. Mingronc EosaG, Greco A V, MancoM. Vega N, Hesselink MK. Castagneto M 
Schrauwcn P T Vidal H . ' * 

Istituto di Clinica Medica and. Clinica Chirurgica and Centra CNR Fisiopatologia Shock 
Universita Cattolica S Cuore, Rome, Italy, gmingrone@rm.unicatt.it 

OBJECTIVE: To examine the muscular uncoupling protein expression 2 (UCP2) and 

S ene expression in morbid obese subjects before and after bariatric surgery rbilio- 
pancreatic diversion (BPD)]. RESEARCH METHODS AND PROCEDURES- Eleven 
obese subjects (BMI = 49 +/- 2 fcg/ m (2)) were studied before BPD and 24 months after 
BPD. Skeletal muscle UCP2 and UCP3 mRNA was measured using reverse 
transcnptase-competitive polymerase chain reaction and UCP3 protein by Western 
blotting. Intramyocytic triglycerides were quantified by high-performance liquid 
chromatography. Twenty-four-hour energy expenditure and respiratory quotient (RO) 
were measured m a respiratory chamber. RESULTS: After BPD, the average weight loss 
^approximately 38%. Nonprotein RQ was increased in the postobese subjects (0 73 
t n ?! VS 1 0 ^ 3 °-° 2, P < °- 00i) - ^ intra ^yocytic triglyceride level dropped (3.66 

trio 'a r r'™ nS mg/1 ° G mg ° f fr6Sh tissue ' P < 00001 > after BPD - Expression of 
UCP2 and UCP3 mRNA was significantly reduced (from 35.9 +/- 6.1% to 18 6 +/- 4 5% 
of cydophilin, p = 0.02; from 60.2 +/- 14.0% to 33.4 +/- 8.5%, p = 0.03; respectively). 
utrj Protem content was also significantly reduced (272.19 +/- 84.13 V s. 175 78 +/- 
60.31, AU p = 0.04); A multiple regression analysis (R(2) = 0.90) showed that EMTG 
^ ~ 0?) re P resented * e most Powerful independent variable for predicting 

• DISCUSSION: The strong correlation of UCP expression and decrease 
in IMTG levels suggests that triglyceride content plays an even more important role in 
tne regulation of UCP gene expression than the circulating levels of free fatty acids or the 
achieved degree of weight loss. 
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Urokinase-mediated posttranscriptional regulation of urokinase-receptor 
expression in non small cell lung carcinoma. 

Montu ori N , Mattiello A, Mancint A. Taglialatela P. Caputi M . Rossijg. RaginP 

Istituto di Endocrinologia ed Oncologia Sperimentale, Consiglio Nazionale delle 
Ricerche, Naples, Italy. 

The urokmase-type plasminogen activator (uPA) and its cellular receptor (uPAR) are 
involved in the proteolytic cascade required for tumor cell dissemination and metastasis, 
and are highly expressed in many human tumors. We have recently reported that uPA, 
independently of its enzymatic activity, is able to increase the expression of its own 
receptor in uPAR-transfected kidney cells at a posttranscriptional level. In fact, uPA, 
upon binding uPAR, modulates the activity and/or the level of a mRNA-stabilizing factor 
that binds the coding region of uPAR-mRNA. We now investigate the relevance of uPA- 
mediated posttranscriptional regulation of uPAR expression in npn small cell lung 
carcinoma (NSCLC), in which the up-regulation of uPAR expression is a prognostic 
marker. We show that uPA is able to increase uPAR expression, both at protein and 
mRNA levels, in primary cell cultures obtained from tumor and adjacent normal lung 
tissues of patients affected by NSCLC, thus suggesting that the enzyme can exert its 
effect in lung cells. We investigated the relationship among the levels of uPA, uPAR and 
uPAR-mRNA binding protein(s) in NSCLC. Lung tissue analysis of 35 NSCLC patients 
shows an increase of both uPA and uPAR in tumor tissues, as compared to adjacent 
normal tissues, in 27 patients (77%); 19 of these 27 patients also show a parallel increase 
of the level and/or binding activity «f a cellular protein capable of binding the coding 
region of uPAR-mRNA. Therefore, in tumor tissues, a strong correlation is observed 
among these 3 parameters, uPA, uPAR and the level and/or the activity of a uPAR- 
mRNA binding protein. We then suggest that uPA regulates uPAR expression in NSCLC 
at a posttranscriptional level by increasing uPAR-stability through a cellular factor that 
binds the coding region of uPAR-mRNA. Copyright 2003 Wiley-Liss, Inc. 
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DNA hypermethylation is a mechanism for loss of expression of the HLA 
class I genes in human esophageal squamous cell carcinomas. 

XaggG, SongY, ZhaoX, SoC, LiaoJ, Wanj^LD, YangCS 

laboratory for Cancer Research, College of Pharmacy, Rutgers-The State University of 
New Jersey, 164 Frelinghuysen Road, Piscataway, NJ 08854-8020, USA. 

The three human leukocyte antigen (HLA) class I antigens, HLA-A, HLA.B and HLA-C 
play important roles ,n the elimination of transformed cells by cytotoxic T cells. Frequent' 
loss of expressron of these antigens at the cell surface has been observed in many hunuuT 
h, Jr 0US miSm i f ° r P^-^riptional regulation have been proposed and 
tested but the molecular mechanisms for transcriptional regulation are not clear. We show 
by irnmunohistochermstry that the HLA class I antigens are absent in 26 of 29 (89%) 
samp es of human esophageal squamous cell carcinomas (ESCC). Eleven of the 26 ESCC 
samples lost mRNA expression for at least one of the HLA genes, as shown by RT-PCR 
DNA from the 29 parrs of ESCC and neighboring normal epithelium were examined for" 
CpG island hypermethylation, homozygous deletion, microsatellite instability (MSI) and 
loss of heterozygosity (LOH). DNA from normal epithelial tissues had no detectable 
meAylation of the CpG islands of any of these gene loci. Thirteen of 29 ESCC samples . 
( ?, methylation ° f one 0r more of the to™ HLA loci and six samples (21%) 

^rS 311011 ° f a " *** l0CL The HLA " B &™ tocbs was most frequency ^ 
methylated 38%). HLA-B mRNA expression in an ESCC cell line, where HLA-B was 
hypermethylated and did not express mRNA, was activated after treatment with 5-aza-2'- 
deoxyc^idme. Homozygous deletion of these three gene loci was not observed. 
SSKE ™J?^££ H md MSI W6re 0bserved for me ™crosateIlite markers 
' ZTlt' f fn£ D6S2 ! 3 and D6S1666 ' Cl0se to HLA-A, -B and -C loci, although a 
* ?r5S?!£ . W3S ° hSerVed a - 3 nearby locus < re P"*««ed by the markers D6S 1051 
and D6S1560), where the tumor suppressor gene p21(Wafl) resides/A strong correlation 
between genetic alterations and mRNA inactivation was observed in the ESCC samples 

3 u ate ^ HLA d3SS 1 genC ex P ression ™s fr«l«entl y down-regulated in' 
ESCC at both the protem and mRNA levels and that hypermethylation of the promoter 
regions ol the HLA-A, -B and -C genes is a major mechanism of transcriptional 
inactivation. r 
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Amplification and/or overexpression of HER2/neu have been documented in many types 
ofepithehal tumor and recently has been reported in sarcomas, particularly in 

und^roTS B l r ° le ° f " ER2/neU a,terati0nS fa S0ft tissue *™™ ^ins poorly 
understood. "Thus the present study investigates the expression of HER2/neu in 13 

patients wUh synovial sarcoma (SS). In this study, HER2/neu mRNA levels were 

measured m frozen tissue samples using a real-time reverse transcription-polymerase 

^ Polyclonal antibody. Six normal skeletal muscle specimens were used to 
establish basal levels of HER2/neu mRNA. HER2/neu transcripts were de ecS in at 

revds 3 bovet^ SSS - T °1 13 Sarc ° maS (31%) ^nsJed HE^u m^TA 
levels above the mean value, whereas 3 tumors (23%) displayed HER2/neu protein 
overexpression. Both membranous and cytoplasmic patterns of irnmunostain^g were 

levd% - Tnn T a& ^t™, WaS f ° Und between P rotein ex P ression mRNA 
lowtr Si nf 2* HER2/n6U mRNA lGVelS W6re ^B^a&y associated with a 

lower nsk of developing recurrences (P = 0.02). Moreover, none of the patients with 

c^ZilZT^T^Z el0Pe i metaStaSiS - ° Ur d3ta demons ^e that HER2/neu is 
expressed inSSs and that both membrane and cytoplasmic HER2/neu expression 

SSl"! 4 ^ ,CVds - J« «*■ that the presence of increSevels of 
HER2/neu m SSs is associated with a more favorable clinical course. Further studies are 
needed to assess the role of this oncogene in SSs and to evaluate the application^ of 
^^m^ m ° n0d0nal antibodies in the **™«t regimens for this 
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AmpHfication and/or overexpression of HER2/neu have been 
documented in many types of epithelial tumor and recently has been 
reported to sarcomas, particularly in osteosarcomas. But the role of 
HER2/neu alterations in soft tissue tumors remains poorly under* 
stood. Thus the present study investigates the expression of HER 2/ 
neu in 13 patients with synovial sarcoma (SS). In this study, HER?/ 
neu mRNA levels were measured in frozen tissue samples using a 
real-time reverse transcription-polym erase chain reaction assay- pro- 
tein expression was assessed by immunohistochemistry using an anti- 
HER2/neu polyclonal antibody. Six normal skeletal muscle speci- 
mens were used to establish basal levels of HER2/neu mRNA. 
HER2/neu transcripts were detected in ail normal tissues and SSs. 
Four of 13 sarcomas (31%) demonstrated HER2/neu mRNA levels 
above the mean value, whereas 3 tumors (23%) displayed HER2/neu 
protein overexpression. Both membranous and cytoplasmic patterns 
of immunostatning were observed, and a strong correlation was 

Synovial sarcoma (SS) is an aggressive soft tissue 
tumor that accounts for up to 10% of sarcomas, with a 
peak incidence in adolescents and young adults. This 
tumor occurs in 2 major forms, biphasic and monopha- 

fow^ 1 V 1 f' Cyt0 S cnelicaJJ y characterized by the t(X; 
I«KpH;qll) translocation, found in >95% of cases 
Although traditionally considered to be a high-grade 
neoplasm, recent investigations have suggested that dif- 
ferent factors influence prognosis, including morpho- 
logical and cytogenetic features, treatment strategies, 
the ploidy status, and the apoptotic index. 1 

The development of new therapeutic advancements, 
such as the specific targeting of molecular alterations' 
present m human malignancies, has brought to light the 
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found between protein expression and mRNA level (P =: 0.01). 
Increased HER2/neu mRNA levels were significantly associated with 
a lower risk of developing recurrences (P = 0.02). Moreover, none of 
the patients with HER2/neu over expression developed metastasis. 
Our data demonstrate that HER2/neu is expressed in SSs and thai 
both membrane and cytoplasmic HER2/neu expression correlate 
with mRNA levels. Our results show that the presence of increased 
levels of HER2/neu in SSs is associated with a more favorable clinical 
course. Further studies are needed to assess the role of this oncogene 
In SSs and to evaluate the application of inhibitory humanized mono- 
clonal antibodies in the treatment regimens for mis malignancy. 
Hum Pathol 34:639*45. © 2003 Elsevier Inc. AD rights reserved. 

Key Words: HER 2/neu , synovial sarcoma, real-time RT-PCR, in> 
munobJstocbemistry. 

Abbreviations: FISH, fluortsctnee in situ hybruEzation, RT-PCR, 
reverse transcripnon^Iymerase chain reaction, SS, synovia] sarcoma; 

need to identify not only prognostic factors, but also 
tumor features that are predictive of response to therapy. 

One of the most extensively studied molecular 
targets for therapy is the HER-2/neu protooncpgene. 
The HER-2/neu oncogene (also known as c-erbB-2), 
located on chromosome I7q21, is a member of the 
tyrosine kinase receptor family and encodes for a 185- 
kilodalton protein that shows 50% homology with the 
epidermal growth factor receptor. 23 This gene is am- 
plified and/or overexpressed in 20% to 30% of breast 
carcinomas 4,5 and in various other tumors, 6 and usually, 
is associated with tumor aggressiveness and poor prog- - 
nosis. Several studies have supported the value of 
HER-2/neu to predict the response to chemotherapy in 
breast cancer, and the use of recombinant humanized 
antibodies to ffER-2/neu protein (Trastuzumab) in the 
care of patients with advanced, metastatic breast tumors 
has been approved. 9 

The role of HER-2/neu activation in soft tissue 
tumors remains poorly understood, and scarce molec- 
ular data backing i mm unohis loch em jcal studies have 
been reported. HER-2/neu protein expression was im- 
munohistochemically studied in 204 sarcomas, includ- 
ing 6 SSs, and overexpression was absent in all these 
malignant mesenchymal neoplasms. 10 

Recently, HER-2/neu alterations have been de- 
scribed in osteosarcoma, with a high incidence of pro- 
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TABLE 1. aNcopamdoglc Features of 13 Patients With SS 



No. 


Agc(y)/G 


Ste 


Subtype 


Surgery 


Chemo/Radio 


Rcc 


Mets 


HER2 


FU(mo) 


1 


68/F 


KI 


MF 


RR 


No 


Yes 


Yes 


L 


108 


2 


-71/F 


KE 


BF 


WA 


No 


No 


No 


L 


12 


3 ) 


27/M 


KI 


BF 


' ME 


Yes 


Yes 


Yes 


L 


24 


4 


39/M 


T 


MF 


WE.. 


Yes 


No 


No 


H 


48 


5 


15/M 


N 


MF,PD 


WE 


Yes 


No 


No 


. _. H 


48 


6 


41/F 


F 


MF.PD 


WA 


Yes 


No 


• No 


H 


48. 


. 7 


57/F 


KI 


MF 


WA 


No 


N/A 


N/A 


L 


N/A 


8 


48/M 


F 


BF^PD 


ME 


Yes 


Yes 


No 


L 


36 


9 


29/F' 


T 


P0 


WE 


Yes 


Yes 


Yes 


L 


36 


10 


27/M 


KE 


BF 


WE 


No 


No 


No 


H 


24 


*ii 


62/F 


A 


MF 


WE 


No. ' 


Yes 


No 


L 


24 


12 


62/F 


F 


MF 


WA 


No 


No 


No 


L 


2 


is 


34/F 


L 


MF 


RR 


No 


No . 


No 


L 


2 



Abbreviations: Age, age at diagnosis; G„ gender; M, male; F, female; Site, anatomic location; KI, knee, intra-articular;- KE, knee, 
extra-articular; T, thigh; N, neck;, F, foot; A, arm; L, leg; Subtype, histological subtype; MF, monophasic fibrous; BF, biphasic; MF-PD, 
monophasic fibrous with poorly differentiated areas; BF-PD, biphasic with poorly differentiated areas; PD, poorly differentiated; Surgery, 
primary surgical therapy; RR, radical en bloc resection; WA, wide through-bone amputation; ME, marginal en bloc excision; WfcV-wide en bloc 
excision; Chemo/Radio, adjuvant postoperative chemotherapy and/or radiotherapy; Rcc, recurrence; Mets, presence of metastasis; HER2, 
HER2 mRNA expression; L, low expression; H, high expression; FU, follow-up status; N/A, not avaible. 



tein expression, ranging from 42% to 61 %. 11J5 Indeed, 
despite limited information on Her2/neu in this type 
of malignancy, based mostly on immunohistocherriical 
findings,' 2 clinical: .trials' of Trastuzumab have been 
initiated for recurrent and metastatic osteosarcoma pa- 
tients (http://v/ww.cancer.goV MSKCC- 
99097/NCI-T98-0083 and COGAOSTO121). 

Therefore, we evaluated the mRNA expression and 
the gene product of HER-2/neu in 13 SS patients using 
real-time reverse transcription-polymerase chain reac- 
tion (RT-PCR) and immunphistochemistry. To the best 
of our knowledge, this is the first report documenting 
increased levels of HER-2/neu mRNA and protein- 
in SS. 



MATERIALS AND METHODS 

Patient Population 

Thirteen patients with primary SSs, obtained from the 
files of the Department of Pathology, Gaetano Pmi Orthope- 
dic Institute, were included in this study. Cases were chosen 
based on the availability of frozen primary rumor. Patient age 
ranged from 15 to 71 years (mean, 44.6 years). Anatomic sites 
included the knee (5 patients, 3 intra-articular), thigh (2 
patients), foot (3 patients), arm (1 patient), neck (1 patient), 
and lower- leg (1 patient). The histological subq*pes wre 3 
biphasic (BF), 6 monophasic fibrous (MF), 2 monophasic 
fibrous with poorly differentiated areas (MF-PD), 1 biphasic 

. with poorly differentiated areas (BF-PD), and J poorly differ- 
entiated (PD). Clinical staging was IIB for all the patients. 
Local surgical excision was performed in 9 patients; amputa- 

. don, in 4 patients. Recurrence was observed in 5 cases with 
subsequent amputation (3 patients) and local excision (2 
patients). Metastasis occurred to lung (2 patients) and ingui- 
nal lymph nodes (1 patients). Five patients received adjuvant 
postoperative chemotherapy, and 1 patient (case 4) was 
treated with chemotherapy associated with radiotherapy. Fol- 
low-up ranged from 2 to 108 months (mean, 34.3 months). 
Qinicopathologic data are summarized in Table 1. 



Pathologic Studies and Frozen Tissue 
Selection 

In all cases, the primary tumor was available for study. 
Surgically resected tumor tissues were partly snap-frozen in 
liquid nitrogen and stored at — 80°C for RNA, ex traction,, and . 
• partly fixed in buffered formalin and embedded in paraffin 
blocks. Hematoxylin and eosin-stained sections were re-eval- 
uated and graded according to FNCLCC grading system. 16 
Frozen tissue blocks were handled as follows: 4-/*-thick frozen 
sections were cut and stained with hematoxylin and eosin to 
determine the percentage of tumor cells present in the spec- 
imen. We used tissue blocks with tumor cells comprising 
more than 80% of the specimen. About 10 20-u-thick sections 
were collected into Eppendorf tubes. Another 4-p,-thick fro- 
zen section was cut after the serial sections and examined by 
light microscopy to guarantee the percentage of tumor cells* 
collected. Trizol (Life Technologies; Gibco BRL, Gaithers- 
burg, MD) was used for RNA extraction, according to the 
manufacturer's protocol. RNA was quantified spectrophoto- 
metricafly. . 



cDNA Synthesis 

Total RNA (200 ng) was reverse-transcribed in a total 
volume of 50 /iL containing 1 X TaqMan buffer, 5.5 mmol 
MgClj, 1 mmol deoxynucleo tides, 25 /imol random hexam- 
ers, 20 U RNase inhibitor, and 625 U MuLv reverse transcrip- 
tase. The samples were incubated at 25°C for 10 minutes, 
48*C for 30 minutes and 95°C for 5 minutes. 



PCR Amplification 

Amplification reactions were performed with the Univer- 
sal TaqMan 2 X PCR master mix in a volume of 25 /xl- con " 
mining 300 nmol of each primer, 100 nmol of probe, and 5 
uL of cDNA Both /3-acun and HER2/neu amplification were 
done in duplicate for each sample. 

The thermal cycling conditions included 2. minutes at 
50°C and 10 minutes at 95°C, followed by 40 cycles of 95 3 C for 
15 seconds and 60*C for 1 minute. All reagents used for 



640 



HER2/neu ONCOGENE IN SYNOVIAL SARCOMA (Nuciforo et oO 



RT-PCR were purchased from Applied Biosystems (Foster' 
City.CA). 

Primers ond Probes 

Primers and probes for £actin and HER2/neu mRNA 
were chosen using the computer program Primer Express 
(Applied Biosystems). Sequences of the forward primer for 
HER2/neu mRNA (GenBank accession number X03363) 
were 5'-TCC TCT CTG CAC CTG GAT CAC-3' and the 
reverse primer 5'-CCA AAG ACC ACC CCC AAG A.3'; the 
sequence of the TaqMan probe was 5'(FAM)-AGC AGA ATG 
CCA ACC ACC GCA CA-(TAMRA)-3\ Sequences of the for- . 
ward primer for £-acrin mRNA. (GenBank accession number 
X00351) were 5TCC TTC CTG GGC ATG GAG-3' and the 
reverse primer 5*-AGG AGG AGC AAT GAT CTT GAT CTT 
3*; the sequence of the TaqMan probe was 5*(FAM)-GCT CTG 
GCA TCC ACG AAA CTA CCT TC(TAMRA)3\ Probes were 
purchased from Applied Biosystems. 

Real-Time RT-PCR 

To measure HER2/neu expression in these tumors we 
used a real-time quantitative RT-PCR based on TaqMan meth- 
odology, as previously described, 17 with minor modifications 
Briefly, this technique allows, by means of fluorescence emis- 
sion, to find the cycling point when PCR product is detectable 
(Ct value or threshold cycle). As previously reported, the Ct 
value correlates to the starting quantity of the target mRNA. 18 
To normalize the amount of total RNA present in each reac- 
tion, we amplified the housekeeping gene ^actin, which is 
assumed to be constant in both normal samples and tumor 
tissues. 

Our results are expressed as relative levels of HER2/neu 
mRNA, referred to a sample, called a "caKbrator," chosen to 
represent IX expression of this gene. The calibrator was a 
breast cancer cellular line (MCF-7) 39 that was analyzed on 
every assay plate with the unknown samples. All of the ana- 
lyzed tumors expressed n-fold HER2/neu mRNA relative to 
the calibrator. 

The amount of target, normalized to an endogenous 
reference (0-actin) and relative to the calibrator, was defined 
by the AACt method as described by Livak K (Sequence 
Detector User Bulletin 2; Applied Biosystems). Specifically, 
the formula is applied as follows: 

target amount = 2"^°** 

where AA Ct = {[Ct (HER2/neu sample) - Ci (0-actin 
sample)! - [Ct (HER2/neu calibrator) - Ct (0-acrin calibra- 
tor)]]. 



25.0 



Immunohistochemistry 

Formalin-fixed, paraffin^embedded tissue sections were 
deparaffinized, Tehydrated, and exposed to the primary anti- 
body using the EnVision+ system (Dako, Carpimeria, CA) 
Primar>- ami-HER-2/neu antibody (rabbit polyclonal anti- 
body, catalog number A0485; Dako), was applied in a dilution 
of 1:2000 for 60 minutes at room temperature. Before expo- 
sure to the primary antibody, sections were microwave-pre- 
ureated in EDTA, pH 8.0, to retrieve antigenicity, and incu- 
bated with endogenous peroxidase-blocking solution for 10 
minutes at room temperature. Positive control, constituted by 
a breast carcinoma showing more than 80% positive staining 
for HER2/neu, as well as negative control, in which the 
primary antibody was omitted, wctc stained in parallel. 




normal tissue n=6 synovia) ^rcomas syror^ sarcomas 
(tow expression) (Hgh e*pressfen) : 

FIGURE 1. Distribution of HER2/neu mRNA levels in normal 
muscle tissues, ond in low- and htgrvexpressfon sarcomas. 
Data are expressed as mean and standard error of the mean 
for each group. ■ 



All cases were examined for both cytoplasmic and mem- 
brane immunoreacdvity. Cytoplasmic staining was evaluated 
op a semiquantitative scale, according to Kilpatrick et al with 
minor m edifications, 20 and reported as 0 (no staining or 
staining in <10% of cells), 1+ (weak staining in >10% of 
cells), 2+ (moderate staining in >10% of cells), or 3+ 
(strong staining in >10% of cells). The presence of a mem- 
branous pattern of staining was recorded separately and 
scored as absent (no staining or weak staining in <10% of 
cells) or present (complete and/or incomplete stairiing in 
>10% of cells); Tumors with a cytoplasmic score of 3+ were 
considered \o have high HER-2/neu protein expression. 

Statistical Analysis 

Statistical differences were calculated by Fisher's exact 
test The Mest method was used to evaluate the differences 
between groups. Differences were considered statistically sig- 
nificant when Pwas <0.05. 



RESULTS 

HER2/neu mRNA Evoluation 

All of the tissues analyzed contained detectable 
levels of HER2~nev mKNA. Six norma) tissue samples 
(skeletal muscle) were used to establish basal level of 
HER2/neu mRNA. AH the normal samples expressed 
very low levels of HJER2/neu mRNA, ranging from 0.9 
to 1.9 ri (mean, 1.4 n). Among the 13 tumor samples, 
HER2/neu levels varied greatly, ranging from 2.1 to 
24 n. Setting a cutofT level at 7.9 n (a value thai repre- 
sents the mean value of expression distribution of the 
SSs), 9 cases (69%) had low HER2/neu expression and 
4 cases (31%) had high HER2/ neu expression (Fig 1; 
Table 1). The difference between the 2 groups (low 
and high HER2/neu tumors) was statistically significant 
(P = 0.0004). 
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FIGURE 2. IrmKirK^fcrfochernicot locottzation of HER2/neu in SS. (A) Positive control (breast cancer) showing typical strong 
membrane pattern of positivity. (B) Case 2, a Diphasic SS, displaying very focal membrane staining limited to a gland. Inset: focal 
weak cytoplasmic posittvity in the epithelial component ot the same case. (C) Case 10. the epithelial component of this Diphasic 
SS. displaying strong membrane pattern of staining. (D) Case 4. an epithelioid area in a monophaslc fibrous SS, showing strong 
cytoptasmc positivily. 



HER2/neu Protein Expression 

Staining with HER2/neu antibody revealed a vari- 
able cytoplasmic and membrane staining pattern. 
Three tumors (23%) showed strong staining involving 
both the cell membrane and the cytoplasm (cases 4, 5, 
and 10); weak to moderate, exclusively cytoplasmic 
staining was observed in 7 cases (cases 1, 3, 6, 7, 8, 9, 
and 11). No staining was detected in 2 rumors (cases 32 . 
and 33). 3n 1 case (case 2), a cluster of glandular 
structures representing <5% of the tumor showed 
weak cytoplasmic and very focal membrane staining, 
the latter limited to a single gland; The epithelial/ 
epithelioid components exhibited stronger cytoplasmic 
staining compared with the spindle-cell component of 
the tumors. Membrane staining was predominantly in- 
complete and limited to the epithelial /epithelioid ar- 
eas. All 3 cases with high immunohistochernical expres- 
sion of HER2/neu (cases 4, 5, and 10) were grade UI 
sarcomas, including I MP, 1 BF, and 1 MF-PD SSs. 



Examples bT HER2/ri eu cytoplasmic" arid rhembran e 
staining are depicted in Figure 2. 

Correlation of Molecular and 
Imrnunc^istocherrncal Results 

A strong, statistically significant association was 
present between protein expression, for both mem- 
brane and cytoplasmic staining, and HER2/neu mRNA 
levels {P = 0.01), although 1 case (case 6) displayed 
discordant results. Interestingly, this neoplasm showed 
high HER2/neu mRNA levels, whereas only weak stain- 
ing, limited to the cytoplasm of a minority of rumor 
.cells, was detected by immunohistochernical analysis. 

HER2/neu Expression and Clinicopathologic 
Parameters 

Both HER2/neu protein expression and mRNA 
levels were evaluated to establish the relationships to 
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TABLE Z Correlation Between Clinicopathotogic 
Features and HER2/neu Expression as Detected by 
IHC and RT-PCR 

HER2/neu 
IHC PGR 



Variable 


L 


H 


P value 


L 

i 


H 


P value 


Age (years) 














<40 


3 


3 




3 


3 




>40 t 


7 


0 


. NS 


6 


. 1 


NS 


Sex 












Female 


8 


0 




7 


1 




Male 


2 


3 


0.03 


2 


3 


NS 


Tumor size (cm) 














<5 


3 


2 




3 


2 




>5 


7 


1 


NS 


6 


2 


NS 


Histological grade 














11 


3 


0 




3 


0 




HI . 


7 


3 


NS 


6 


4 


NS 


Histological type 












MF 


5 


1 




5 


1 




BF 


2 


1 




2 


1 




PD 


3 


r 


NS 


2 


2 


. NS- 


Chem o/Radioth crapy* 












Yes 


4 


2 




3 


3 




No' 


5 


i 


NS 


5 


I 


NS 


Recurrencef 












Yes 


5 . 


0 




. 5 


0 




No 


2 


3 


• NS 


1 


4 


0.02 


Metastasis^ 












Yes 


3 


0 




3 


0 




No 


4 


3 


NS 


3 


4 


NS 



Abbreviations: L, low expression; H, high expression; NS, not 
significant; MF, monophasic fibrous; BF, biphasic; PD, poorly differ- 
entiated (including MF and BF with poorly differentiated areas). 
♦Information not available for case 7. 
t Cases 7, ] 2, and 13 were excluded from the analysis. 

clinicopathologic features, including local recurrence 
and metastatic disease. Two cases (cases 1 2 and 1 3) with 
follow-up less, than 12 months and 1 case (case 7) for 
which clinical information was not available were ex- 
duded from the analysis of recurrences and metastatic 
behavior. 

No correlation was observed between HER2/neu 
mRNA expression and age, sex, tumor size, tumor 
grade, histotype, and metastasis. A correlation between 
sex of the patients and HER2/neu 'protein expression 
was found. In fact, none of the female patients showed 
high HER2/ neu protein expression (P = 0.03). Pa- 
tients with high Her2/neu mKNA levels had a lower 
risk of recurrence than those with low Her2/neu 
rnRNA levels (P = 0.02). None of the cases with high 
HER2/neu mRNA levels developed metastatic foci, al- 
though the small number of observations precluded 
reaching statistical significance (P = 0.1). Results are 
detailed in Table 2. 

DISCUSSION 

The present work provides the first combined mo- 
lecular by real-time RT-PCR and immunohistochemicaj 
evidence that HER2/neu overexpression occurs in SSs. 



Our results indicate that this parameter may provide 
prognostic information and suggest that a specific ther- 
apy with humanized monoclonal antibodies against 
HER2/neu may be considered in a significant number 
ofSSs. 

The HER2/neu oncogene has been extensively 
investigated as.a prognostic factor and more recendy as 
a predictor of response to therapy. It has been demon- 
strated in breast cancer, where HER2/neu overexpres- 
sion is usually associated with gene amplification, and 
in other epithelial tumors, including ovarian, gastric, 
lung, and urinary bladder carcinomas. 

HER-2/neu amplification/ overexpression appears 
to be an early event in oncogenic transformation by 
interacting with other members of the HER family. 3 In 
breast cancer, it is involved in cell cycle and apoptotic 
pathways through the antiapoptotic effects mediated by 
p53 and p21 deregulation.' 2 * 

Whether HER2/neu overexpression plays an im- 
portant role in mesenchymal neoplasms reiriains con- 
troversial. An irnmunohistochemical study of sarcomas, 
using a monoclonal antibody, reported no evidence of 
immunoreactivity for HER-2/neu in 6 SSs as well as in 
other 197 mesenchymal tumors, with cytoplasmic reac- 
tivity observed only in 1 case of peripheral neuroepi- 
thelioma. 10 A recent investigation reported gene ex- 
pression profiles of 41 soft tissue tumors with cDNA 
microarray analysis. Among these sarcomas, 6 
monophasic SSs were characterized by a unique expres- 
sion pattern of a cluster of 104 genes, including the 
epidermal growth factor receptor, which shows 50% 
homology with the HER2/neu gene. 24 These clata also 
suggest that the erb-B receptor family plays a significant 
role in SS. It has been demonstrated that a variable 
number of osteosarcomas overexpress HER2/neu. n ~ 15 
However, more recent studies 20 - 25 ' 26 were unable to 
detect any HER2/neu gene amplification and/or over- 
expression using ' fluorescence in situ hybridization 
(FISH), RT-PCR, and irrmiunohistochernistry. 

Differences in the techniques used may play an 
important role and explain (at least in part) these 
discrepancies. HER2/neu alterations can be evaluated 
using different techniques including immunohisto- 
chemistry, FISH, Southern hybridization, Northern 
blot, and competitive, differential, or real-time PCR. 27 
I mmun ©histochemistry is the most common method 
for detection of HER2/neu overexpression, but it is 
significantly affected by the sensitivity and specificity of 
the antibodies used, the type, of tissue (frozen versus 
formalin-fixed), and the various interpretative criteria, 
and scoring systems used to evaluate cases. Indeed, 
most studies of HER2/neu expression in osteosarcoma 
used irnmunohistochemical techniques, with different 
monoclonal or polyclonal antibodies. The discrepancy 
in results may stem from the use of different antibodies, 
as well as a lack of standardized evaluation. 

For these reasons, to evaluate HER2/neu immu- 
noreactivity in our study, we used a polyclonal antibody 
(Dako, Carpinteria, CA), arguably the most diffuse and 
thoroughly tested antibody for HER2/neu assessment: 
Furthermore, we investigated HER2/neu mRNA ex- 
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pression with real-time RT-PCR, because it has been 
demonstrated that mRNA levels correlates tightly with 
protein expression. 28 At present, real-time RT-PCR 
probably represents the most powerful tool for quanti- 
tative analysis, because it allows better internal control 
and reduction of sample contamination, and provides 
more objective results. 18 

We analyzed HER2/neu gene expression at the 
mRNA and protein level in 13 cases of SS. HER2/neu 
expression was found in all of the cases investigated, 
and mRNA content in the tumors varied from 2.1 to 
24 n. 

The variability of mRNA levels in SSs is reflected 
on heterogeneity of protein expression pattern as de- 
tected by immunohistocheirustry. We found that 
HER2/neu immunoreactrvity correlates strongly with 
mRNA levels. A convincing cytoplasmic immunoreac- 
tivity was documented with the polyclonal antibody in 
10 of 13 sarcomas. Distinct membranous staining was 
observed in 3 cases, although it was never comparable 
to the positive breast control. It was predominandy 
incomplete and identified in the epithelial/epithelioid 
component of SS. Interestingly, all of the cases with 
strong cytoplasmic staining also exhibited a membrane- 
staining pattern. 

In breast cancers, a membranous pattern of stain- 
ing is thought to be specific for HER2/neu protein 
expression and correlated with gene amplification, 
whereas cytoplasmic staining is usually considered non- 
specific. 29 However, cytoplasmic positivity for HER2/ 
neu has been reported to be prognostically significant 
in other tumor typeSi including bladder, colon, pan- 
creas, thyroid, and nasopharyngeal carcinomas, and 
even in breast cancer. 3 ^ 3 ^ 

Patients with high HER5/neu mRNA expression 
had a significantly lower risk of recurrence. Similarly, 
all of the cases with high HER2/neu expression did not 
metastasize, although this correlation did not reach 
statistical significance due to the small number of cases 
studied. These data suggest that HER2/neu plays a role 
in the biology of SS and that HER2/neu overexpression 
may be linked to a. less-aggressive clinical behavior. 
Indeed, unlike many cancers where HER2/neu overex- 
pression has been shown to correlate with poor prog- 
nosis, HER2/neu levels are linked to a more favorable 
clinical course in other malignant rumors, such as thy- 
roid carcinoma and osteosarcoma. 15 " 34 

The molecular mechanisms responsible for the 
action of HER-2/neu in SSs are unknown. A possible 
interaction, between HER-2/neu and the other mem- 
bers of HER family could be important in tumorigen- 
esis. Derangemen ts of other oncogenes, tumor suppres- 
sors, and apoptosis regulators have been described in 
SSs. For instance, many SSs have been shown to be 
diffusely positive for bcl-2 family proteins (bcl-2, bax,. 
bcl-x, and bak). These members of the bcl-2 family are 
involved in the regulation of apoptosis in SS. 56 This 
raises the hypothesis that complex alterations in apop- 
tosis-controlling mechanisms are present in these neo- 
plasms, with HER-2/neu interacting with Bcl-2 family 



members. Further studies are needed to clarify the 
mechanisms of apoptosis in SS. 

Depending on the size and location, the- therapy of 
choice for SS is radical local excision or amputation.. 
Whenever radical surgery cannot be performed, radio- 
therapy in concert with local excision is suggested in an 
attempt to avoid the need for amputation. Only re- 
cently has a study evaluated the possible role of chemo- 
therapy in the treatment of SS. 

The role of molecular markers in predicting treat- 
ment responsiveness is currendy the focus of extensive 
investigation. Breast cancer patients with high HER2/ 
neu expression appeared to benefit from high-dose 
CAF (cyclophophamide, adriamycin, and Mluoro ura- 
cil) therapy. 38 In our study, 3 of 4 patients with high 
HER2/neu expression received adjuvant chemother- 
apy with ifosf amide; these patients had a favorable clin- 
ical outcome. These data raise the possibility that 
HER2/heu may have value in predicting which patients 
are likely to respond to specific adjuvant chemotherapy 
regimens. Whether the favorable significance of 
HER2/neu expression depends on predicting clinical 
recurrence, response to chemotherapy, or both re- 
mains to be fully elucidated in SS patients. 

To the best of our knowledge, this is the first 
report that shows expression of HER2/neu in primary 
SS by real-time RT-PCR. Elevated levels of HER2/neu 
mRNA and protein are found in a significant group of 
SS patients,* and these levels appear to correlate with 
features of good prognosis. Furthermore, our results 
suggest that this mechanism of disease in SS may be the 
target of specific inhibitory therapies based on human- 
ized monoclonal antibodies. Considering the small 
number of patients examined, further investigation is 
needed to confirm these preliminary findings. 
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Expression of bcr-abl mRNA in individual chronic myelogenous leukaemia 
cells as determined by in situ amplification. 

Pachmann K , Zhao S , Schenk T , Kantarjian H , EI-Naggar AK , Siciliano MX Guo 
JO, Arlinghaus RB, And reef f M . 

The University of Texas M.D. Anderson Cancer Center, Department of Molecular 
Haematology and Therapy, 1515 Holcombe Boulevard, Houston, TX 77030, USA. 

We present the results of a novel method developed for evaluation of in situ 
amplification, a molecular genetic method at the cellular level. Reverse transcription 
polymerase chain reaction (RT-PCR) was used to study bcr-abl transcript levels in 
individual cells from patients with chronic myelogenous leukaemia (CML). After 
hybridizing a fluorochrome-labelled probe to the cell-bound RT-PCR product, bcr-abl 
mRNA-positive cells were determined using image analysis. A dilution series of bcr-abl- 
positive BV173 into normal cells showed a good correlation between expected and actual 
values. In 25 CML samples, the percentage of in situ PCR-positive cells showed an 
excellent correlation with cytogenetic results (r = 0.94, P < 0.000 1), interphase 
fluorescence in situ hybridization (FISH) (r = 0.95, P = 0.001 ) and hypermetaphase FISH 
(r- 0.81, P < 0.001). The fluorescence intensity was higher in residual CML cells after 
interferon (IFN) treatment than in newly diagnosed patients (P = 0.004), and was highest 
in late-stage CML resistant to IFN therapy and lowest in CML blast crisis (P = 0.001). 
Mean fluorescence values correlated with bcr-abl protein levels, as determined by 
Western blot analysis (r = 0.62). Laser scanning cytometry allowing automated analysis 
of large numbers of cells confirmed the results: Thus, fluorescence in situ PCR provides a 
novel and quantitative approach for monitoring tumour load and bcr-abl transcript levels 
in CML. 
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Correlative immunohistochemical and reverse transcriptase polymerase 
chain reaction analysis of somatostatin receptor type 2 in neuroendocrine 
tumors of the lung. 

Papotti Croce S , Macri L , Funaro A, Pecchioni C , Schindler ML Bussolati G . 

Department of Biomedical Sciences and Oncology, University of Turin, Italy. 

Somatostatin receptors type 2 (sst2) have been frequently detected in neuroendocrine 
tumors and bind somatostatin analogues, such as octreotide, with high affinity. Receptor 
autoradiography, specific mRNA detection and, more recently, antisst2 polyclonal 
antibodies are currently employed to reveal sst2. The aim of the present study was. to 
investigate by three different techniques the presence of sst2 in a series of 26 
neuroendocrine tumors of the lung in which fresh frozen tissue arid paraffin sections were 
available. It was possible, therefore, to compare, in individual cases, RNA analysis 
studied by reverse transcriptase polymerase chain reaction (RT-PCR), in situ 
hybridization (ISH), and immunohistochemistry. A series of 20 nonneuroendocrine lung 
carcinoma samples served as controls. RT-PCR was positive for sst2 in 22 of 26 samples, 
including 15 of 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 small-cell 
carcinomas. The sst2 mRNA signal obtained by RT-PCR was strong in the majority 
(87%) of typical carcinoids and of variable intensity in atypical carcinoids and small-cell 
carcinomas. A weakly positive signal was observed in 5 of 20 control samples. In 
immunohistochemistry, two different antibodies (anti-sst2) were employed, including a 
monoclonal antibody, generated in the Department of Pathology, University of Turin. In 
the majority of samples a good correlation between sst2 mRNA (as detected by RT-PCR) 
and sst2 protein expression (as detected by immunohistochemistry) was observed. 
However, one atypical carcinoid and one small-cell carcinoma had focal immunostaining 
but no RT-PCR signal. ISH performed in selected samples paralleled the results obtained 
with the other techniques. A low sst2 expression was associated with high grade 
neuroendocrine tumors and with aggressive behavior. It is concluded that 1) 
neuroendocrine tumors of the lung express sst2, and there is a correlation between the 
mRNA amount and the degree of differentiation; 2) immunohistochemistry and ISH are 
reliable tools to demonstrate sst2 in these tumors; and 3) sst2 identification in tissue 
sections may provide information on the diagnostic or therapeutic usefulness of 
somatostatin analogues in individual patients with neuroendocrine tumors. 
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Correlative Immunohistochemical and Reverse 
Transcriptase Polymerase Chain Reaction Analysis of 
Somatostatin Receptor Type 2 in Neuroendocrine 
Tumors of the Lung 

Aola FunarcvPhJX, Carla Pecchioni, Marcus Schindler, M.D-, and 
Gianni Bussolati, M.D., F.R.C.Path. 



Somatostatin receptors type 2 (sst2) have been frequently de- 
tected in neuroendocrine tumors and bind somatostatin ana- 
logues, such as octreotide, with high affinity. Receptor autora- 
diography, specific mRNA detection and, more recently, arm- 
1 sst2 polyclonal antibodies are currently, employed to reveal 
sst2rThe aim of the present study was to investigate by three 
: different techniques the presence of ssi2 in a series of 26 neu- 
roendocrine rumors of the lung in which fresh frozen tissue and 
' paraffin sections were available. It was possible, therefore, to 
compare, in individual cases, RNA analysis studied by reverse 
transcriptase polymerase chain reaction (RT-PCR), in situ hy- 
bridization (ISH), and irnmunobistrchenustry. A series of 20 
. Domeurocndocrine lung carcinoma samples served as controls. 
RT-PCR was positive for sst2 in 22 of 26 samples, including 15 
of. 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 
small-cell carcinomas. The sst2.mRNA signal obtained by RT- 
PCR was strong in the majority (87%) of typical carcinoids and 
of variable intensity in atypical carcinoids and small-cell car- 
cinomas. A weakly positive signal was observed in 5 of 20 
control samples. In irnmunohistochemistry, two different anti- 
bodies (anti-sst2) were employed, including a monoclonal an- 
tibody, generated in the Department of Pathology, University 
of Turin. In the majority of samples a good correlation between 
sst2 mRNA (as detected by RT-PCR) and sst2 protein expres-. 
si on (as detected by nrimunom'stochernistry) was observed. 
However, one atypical carcinoid and one small -cell carcinoma 
had focal immunostairiing but no RT-PCR signal. ISH per- 
formed in selected samples paralleled the results obtained with 
the other techniques. A low ssi2 expression was associated with 
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high grade neuroendocrine tumors and with aggressive behav- 
ior. It is concluded that 3) neuroendocrine tumors of the lung 
express sst^ and there is a correlation between the mRNA 
amount and the degree of differentiation; 2) irimounohistochem- 
istry and ISH are reliable tools to demonstrate sst2 in these 
tumors; and 3) ssi2 identification in tissue sections may provide 
information on the diagnostic or therapeutic usefulness of so- 
matostatin analogues in individual patients with neuroendo- 
crine tumors. 

Key Words; Neuroendocrine — Lung—Tumors — Somato- 
statin receptors — Irnmunohistochemistry^ — Small cell carci- 
uonia — Reverse transcriptase polymerase chain reaction. 

Diagn Mol Pathol 9(1): 47-57, 2000. 



The somatostatin receptor family (sst) includes at least 
five isoforms that have been recently identified and char- 
acterized (18,32,41). The ssts are widely distributed in 
normal human tissues and In human tumors. Sst type 2 is 
more commonly detected in neuroendocrine rumors 
(32,37) and binds the somatostatin analogue octreotide 
with high affinity. 

Sst localization had originally been demonstrated by 
means of binding assays of radiolabeled somatostatin 
analogues (20,25,31). Subsequently, specific sst messen- 
ger RNA (mRNA) detection was obtained by means of in 
situ hybridization (ISH) and reverse transcriptase poly- 
merase chain reaction (RT-PCR) (14,32,37). Recently; 
polyclonal antibodies specific for different isoforms of 
sst weie produced and used in immunohistochemisn7 
(10,12,15,18,30,35,36)- Given the' well-known heteroge- 
neity of neoplastic populations, in situ methods (imrnu- 
nohistochei-nistry and ISH) allow a more definite map-, 
ping of the distribution of the receptor in such tissues. 
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This is potentially useful for predicting the responsive- 
ness of a given neoplastic cell population to medical 
treatment with somatostatin analogues, which are used in 
the clinical setting for both diagnostic and therapeutic pur- 
poses with special reference to neuroendocrine tumors. 

The spectrum of neuroendocrine tumors of the lung 
includes well-differentiated neoplasms (so-called typical 
carcinoids) and poorly differentiated small-cell carcino- 
mas (SCCs). Intermediate forms sharing features of both 
the aforementioned types also belong to this spectrum 
(so-called atypical carcinoids or well-differentiated neu- 
roendocrine carcinomas). Finally, large-cell neuroendo- 
— crine-carcinoma-has-been-adentified and- included-in-this- 
tumor group (4,40). The tissue distribution of sst2 in 
neuroendocrine tumors of the lung has not been thor- 
oughly characterized, although individual samples of 
: bronchial carcinoids were found to express sst (30)^ 
SCCs (but not non-small-cell types) were also shown to 
be sst2 positive by receptor binding assay (33). More- 
over, sst2 has been detected in in vitro cell cultures of 
. human SSC of the lung (39,42). No study on a series of 
neuroendocrine tumors of the lung including all neuro- 
endocrine lung tumor types has been reported to date. 

The aim of this study was therefore to investigate the 
presence of sst2 mRNA and protein in a series of 26 
neuroendocrine tumors of the lung, employing different 
technical approaches, such as RT-PCR, JSH, and inunu- 
nohistochemistry. To this purpose a monoclonal anti- 
body to sst2 (N-terminal) was generated in the Depart- 
ment of Pathology, University of Turin. The results were 
then compared and related to the tumor grade and to 
. other clinicopathologic parameters. 

MATERIALS AND METHODS 

Case Series and RNA Extraction 

Twenty-six samples of neuroendocrine tumors of the 
lung, in which fresh frozen tissue was avaUable, were 
retrieved from the surgical pathology file of the Univer- 
sity of Turin, Italy. All samples were reviewed applying 
currently accepted criteria of classification (4,40), and 
the neuroendocrine nature was confirmed by positive im- 
munostaining for chromogranin A (CgA) (with or with- 
out antigen retrieval) or synaptophysin, and by positive 
RT-PCR for CgA mRNA. According to the classi- 
fications described here, these included 15 well- 
differentiated neuroendocrine tumors (typical carci- 
noids), 6 well-differentiated neuroendocrine carcinomas 
(atypical carcinoids), and 5 SCCs. 

A series of 20 non-small-cell lung carcinomas (10 
squamous, 9 adenocarcinomas, and 1 large- cell an aplas- 
tic) lacking neuroendocrine differentiation, as demonstrated 
by negative immunohistochemistry and RT-PCR for CgA 
(1), served as a connol group. Clinicopathologic data and 
follow-up information were obtained for all patients. 



For hybridization analysis, total RNA was extracted 
using the guanidine thiocyanate— cesium chloride method 
(5). The concentration of RNA was estimated by spec- 
trophotometry, and RNA degradation was assessed by 
agarose gel electrophoresis, as previously reported (37). 

Reverse Transcriptase Polymerase Chain Reaction 
for sst2 and Chromogranin A 

Total RNA (2 u,g) was first digested, with 10 units of 
RNase-free DNase (Boehringer, Mannheim, Germany) 
in a 10-pL solution containing 20 mmol/L MgCl 2 , to 
. avoid DNA contamination, Tne solution was kept at 
room temperature fornO'minutesrtben heated for 5 min- 
utes at 70°C to inactivate the DNase molecules; 40 
pmol/L of oligodeoxy thymidine primers (oligo-dT16) 
were added and the solution was heated again at 70°C for 
10 minutes, then chilled on ice to allow the primer hy- 
bridization. The resulting solution was reverse tran- 
scribed using 100 units of reverse transcriptase (Gibco 
BRL, Gaitersburg, MD). Complementary DNA (cDNA) 
was generated in a 50-uX final reaction volume contain- 
ing 50 mmol/L Tris-HCl pH 83, 75 mmol/L KO, 3 
mmol/L MgCl 2 » ^ mmol/L dithiotbreitol, 1 ntmol/L de- 
oxynucleotide triphosphates (dNTPs), and 20 units of 
RNasin (Promega, Madison, W3). The solution was 
heated at 37°C for 90 minutes. Finally, the enzymes were 
inactivated by heating to 70°C for 10 minutes. 

The efficiency of the reverse transcription was deter- 
mined by performing a PCR reaction having the P 2 ~ 
microglobulin "housekeeping gene** as a target PCR was 
carried out in a 10- uX final reaction volume containing 
1 uX of cDNA template, 10 pmol of sense and antisense 
oligonucleotide primers, 67 mmol/L Tris-HQ pH 8.8, 16 
mmol/L (NH 4 )2S0 4 , 0.01% polysorbate 20, 2 rrimol/L 
dNTPs, 1 mmol/L MgCl 2 , and 0.5 units of Taq polymer- 
ase. P 2 -Microglobulin, sst2, and CgA PCR reactions were 
performed using the same protocol at the following PCR 
conditions: 35 cycles, each cycle consisting of denaturarion 
at 94°C for 2 minutes, annealing at 55°C for 1 minute for 
^-microglobulin, at 61 °C for sst2, and at 68°C for CgA; 
extension was performed at 72°C for 1 minute. The primers 
used for RT-PCR (9, 1 1 ,23,37) are reported in Table 1 . 

The amplified fragments were run in a 1% agarose gel, 
containing .etbidium bromide. Strict precautions against 
contamination were undertaken (19) and negative con- 
trols (a no- tempi ate control and a no^-reverse transcriptase 
control and distilled water to replace the RNA) were in- 
cluded. Tne RNA extracted from an H716 neuroendocrine 
colon carcinoma cell line and from a neuroblastoma (37) 
served as positive controls for CgA and sst2, respectively- 

Antibodies 

Two different antibodies specific for sst2 were em- 
ployed; The first one was a monoclonal antibody raised 
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^^roglobulm sense: 5' ACC : CCC, fl^ c ^^^% 3 > 
91 ^-microglobulin antisense: 5' ATC TTC ^ £CT CQA T6A TG 3 
% SSTR2 iense: 5' CAG TCA TGA GCA TCG ACCGA3' 
. 4 SSTR2 antisense: 5' GCA AAG ACA GAT GAT GGT GA 3' 
X CoA sense: 5' GCT CCA AGA CCT CGC TCT CC 3' 
% CgA antisense: 5' 6AC CGA CJC TCG CCT TTC CG 3 
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v. by both A and B receptor isoforms). The octapeptide 
EFfYDlTS* corresponding to amino acids 35 to 42 of 
: I the human receptor (and differing by one amino acid 
r from the mouse sequence), was synthesized, having a 
•;' tysin added to the N-termmal. This sequence was similar 
H xotbat used by other groups to produce polyclonal anti- 
- bodies (17,18,27). This sequence was rather short but 
' made it possible to avoid extensive homology with sstl. 
: in addition, according to a genbank search using FASTA 
v (28), this protein sequence is unique to human sst2 and 
" has a partial homology only with rat and human nuclear 
■iW receptor retinoid orphan nuclear- receptor-beta (a protein 
; ■' having nuclear localization). Three Balb/c mice were in> 
: munized with the peptide conjugated to keyhole limpets 
hemocyanin (KLH) (Sigma, Sl Louis, MO) following 
' the standard procedure. After the first intrasplenic injec- 
tic-n (100 u-g of protein) at time 0, the mice were intra- 
peritoneally injected six times with the peptide-KLH 
" conjugate (150 fxg) in the presence of Freund adjuvant 
The reactivity of the sera from each animal was evalu- 
ated using an enzyme-linked immunosorbent assay, us- 
..Zing ibe peptide coated onto the plastic. The bybridomas 
/ were produced by somatic fusion of immunized spleno- 
cytes with the mouse myeloma cell line Ag8.X63.653, 
^. following the standard technique (21). The monoclonal 
antibodies of interest were selected on the basis of the 
reactivity with the target peptide and with appropriate 
tissue sections; The latter included formalin-fixed and 
. paraffin-embedded sections of pituitary. gland and pan- 
creatic islets and were analyzed by means of irnmuno- 
peroxidase staining. ParaUel control experiments were 
also performed by staining serial sections of these tis- 
sues, omitting the primary antibody or with the preim- 
mune serum or with the antibody preadsorbed with high 
concentrations (1 mg/mL) of the antigenic peptide. In 
addition, the selected monoclonal antibodies (coded 
10C6 and 10G4), both of IgM isorype, were further char- 
acterized by Western blotting. Membranes were prepared . 
from stable transfected Chinese hamster ovary (CHO> 
K) cells/individually expressing recombinant human so- 
matostatin receptors (sstl to sst5). Western blotting was 
performed as previously described (36). The monoclonal 



antibody was used as culture supernatant at 1:3 dilution 
^ Jor^?. "hours at room t empcrature.irj Tris-buffered saline 
(TBS), supplemented with 0.1% polysorbate 20. Blots 
were washed in TTBS and incubated with peroxidase- 
conjugated goat antimouse IgM, diluted 1:1-500 for 90 
minutes at room temperature. Then, blots were washed in 
TTBS and immunocomplexes were visualized using 
ECt followmg.manufacturer*s instructions (Amersbam, 

Bucks, UK). * 

A second polyclonal antibody was produced that Daa 
been characterized previously (35,36). This antibody 
(coded K230) was raised in sheep and was specific for a 
sequence of the C-terminal portion of the sst2A^(KSRL- 
NFITETQRTLLNEDLQ, arnino acids 347 to 366). 

. Jjoamimobistochemistry 

Sections 4 or 5 u, thick, adjacent to those used for 
conventional histopathologic examination and imrnnno- 
staining for neuroendocrine markers, were collected onto 
poly-L-lysine-coated slides/ The proliferative activity of 
the tumors was assessed by means of Ki67 imrounosta- 
nming (clone MLB1, Immunotecb, Marseille, France), 
diluted 1:10 after microwave -based antigen retrieval iu 
citrate buffer). The ascitic fluid of monoclonal antibody 
10G4 was used in this study and was applied to tissue 
sections with prior antigen retrieval (three 3-miimte pas- 
sages in a microwave oven at 800 W in citrate buffer pH 
6.0), at the dilution of 1:10,000 or 1:12,0)0 for 30 min- 
utes at room temperature, the antiserum coded K230- 
was applied overnight at a dilution of 1 :300 with no pnor 
antigen retrieval. The immune reactions were then re- 
vealed with the immunoperoxidase technique (13) using 
the streptavidin-peroxidase kit and diaminoberjzidine as 
cbroroogen. A weak nuclear counterstain or no counter- 
stain was used in parallel sections. Control siainings for 
both antibodies included immunoperoxidase of senal 
sections using preirnmune serum or antibody pread- 
sorbed with the antigen or buffer instead of tbe primary 
antibody. 

In Sim Hybridization 

Selected tumors (12 samples) were also analyzed for 
sst2 mRNA expression by means of a nonradioactive, 
ryramide deposition-based 3SH technique. Tbe proce; 

j bi* S n Mot Pathol, Vol P. I** 3- 7o0 ° 
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dure of amplification was modified from procedures re- 
ported by Kerstens et al. (16), Speel et al. (38), and' the 
GenPoint (biotinyl-tynamide) manufacturer (Dako, Glos- 
trup, Denmark). Briefly, 5-p~m-thick paraffin sections 
were collected onto silane-coated slides and deparaf- 
finized through xylene and graded alcohols to phosphate 
buffer saline (PBS), The slides were then incubated for 5 
minutes in a microwave oven at 800 W in citrate buffer 
pH 6.0. After washing in PBS, they were digested with 
proteinase K (1 jxg/mL) for 10 minutes at 23°C Endog- 
enous peroxidase activity was blocked with 3% hydro- 
gen peroxide and endogenous biotin was blocked using 
idnrbloc kiiig jeag enr^fcr—15 minutes -foHo w ed by 



washing in PBS and biotm-blocking reagent for 15 min- 
utes (3). Sections were then prehybridized for 1 hour at 
room temperature in a mixture composed of 4x SSG, 
50% fonnamide, Denhardt's 1*, dextrane sulfate 5x, 500 
fAg/mL salmon sperm DNA, and 250 u-gAnL 1RNA. Hy- 
bridization took place overnight at 42°C in a solution 
containing the specific probe at a concentration of 3 
pmol/mL The probe was a digoxigenin-labeled 48-base 
oligonucleotide (32), complementary to positions 93 to 
139 of the human sst2 gene (41). After hybridization, 
excess hybridization buffer and coverslips were removed 
by a rapid wash in 4x SSC followed by stringent washing 
in 0.3 x SSC for 10 minutes at 42°C. The hybrids were 
revealed by the following incubation steps: peroxidase- 
labeled antidigoxigenin (diluted 3:100 in PBS) for 30 
minutes at room temperature, biotinylated tyramide (di- 
luted 3:5 in PBS) for 35 minutes at room temperature, 
and peroxidase-labeled streptavidin for 15 minutes at 
room temperature. Diaminobenzidine was used as chro- 
mogen. Controls for 1SH included staining of serial sec- 
tions with sense probe, an unrelated probe (EBER-1 of 
the Epstein-Barr virus), and omission of the probe in the 
hybridization mixture, with all other experimental con- 
ditions identical to the procedure described here. 



RESULTS 

Keverse Transcriptase Polymerase Chain Reaction 

All neuroendocrine turners, but no nonneuroendocrine 
lung carcinomas, were positive for CgA mRNA (Fig. 1). 
Sst2 mRNA was amplified in 22 of 26 samples of neu- 
roendocrine tumor. The signals had variable intensities 
(Fig. 2) and were weak in moderately or poorly differ- 
entiated tumors (mostly in SCCs). No amplification was 
obtained in no- tempi ate or no-reverse transcriptase ex- 
periments. Control samples (nonneuroendocrine lung 
carcinomas proven by negative CgA RT-FCR) were 
weakly positive for sst2 in 5 of 20 samples only (includ- 
ing 3 adenocarcinomas,' 1 squamous, and the large-cell 
anaplastic carcinoma) (Fig. 3). These, differences were 
statistically significant (P < 0-03 ) by X 2 test 

Characterization of Monoclonal Antibodies to sst2. 

Several clones were identified having a positive bind- 
ing by enzyme-linked immunosorbent assay and a par- 
allel immun ore activity* on formalin-fixed paraffin- 
embedded human endocrine tissues (pituitary and pan- 
creatic islets). In Western blotting experiments* two 
clones (coded 10C6 and 10G4) specifically developed a 
band at approximately 70 klX When the antibodies were 
used against CHO-transfected cells expressing recombi- 
nant somatostatin receptors 3 through 5, a specific band 
corresponding to sst2 (at approximately 70 kD) was re- 
vealed by the monoclonal antibody 10G4. Monoclonal 
antibody 30C6 developed a strong band with sst2 but 
displayed a weaker reactivity also with sst], 3, and 5, at 
least in the present experimental conditions (Fig. 4 A,B). 
The same antibodies were also tested by means of im- 
munoperoxidase staining, on formalin-fixed, paraffin- 
embedded samples of normal human pituitary gland and 
pancreas. Monoclonal antibody IQG4 gave good results 
in immunohisiochemistry and was used at increasing di- 




1 2 3 4 5- 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 C C* 
FIG. 1. Reverse transcriptase polymerase chain reaction for chromogranih A (CGA) mRNA 
in 26 samples ot neuroendocrine tumor of the lung. Numbers in each lane correspond to 
sample numbers in Table 2. CGA mRNA is amplified at 429 bp. C and C* stand for positive 
(neuroendocrine colon carcinoma cell line, H716) and negative (distilled water) controls, 
respectively. The last column to the right represents the molecular weight marker. All samples 
. are positive with a variable intensity of the amplification band.. 
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12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 C C* M 
FIG. 2. Reverse transcriptase polymerase chain reaction for sst2 mRNA in 26 samples of 
neuroendocrine tumor of the lung. Numbers in each lane correspond to sample numbers in 
Table 2. sst2 mRNA is amplified at 284 bp, C and C* stand for positive (a neuroblastoma) 
and negative (distilled water) controls, respectively. The last column to the right represents 
the molecular weight marker. Twenty-two of 26 samples are positive with a va riable intensity 
of the amplification band. s 



lutions (up to 1:15,000) with specific staining. Using thin 
sections (approximately 4 pan), a strong membrane- 
bound and peripheral cytoplasmic immunoreactivity was 
found in an adenohypophyseal cell population (corre- 
sponding to growth hormone-secreting cells, as con- 
firmed by double immunohistochemical arialyses) and in 
pancreatic islets (Fig. 4 CJD). In the latter, the staining 
was apparently not restricted to a specific hormone- 
producing cell type and had a peripheral cytoplasmic or 
membrane distribution. Exocrine pancreatic cells (both 
acinar and ductal) were only occasionally immuno- 
stained. hnmun ©histochemistry performed on serial con- 
trol sections, either omitting the primary antibody or us- 
ing the preimmune serum or antibodies preabsorbed with 
the synthetic peptide, was negative in both tissues. 
Monoclonal antibody 10C6 had a relatively higher back- 
ground staining at similar dilutions. 



bnhiurjohistocbemistry 

The antibodies to sst2 (monoclonal antibody 10G4 and 
polyclonal K230) gave slightly different immunoreac- 
tions in 25 samples, and staiping was not done in 1 
sample because of Jack of residual paraffin blocks. The. 
monoclonal antibody J0G4 stained 21 of 25 samples, the 



negative samples being 1 atypical carcinoid and 3 SCCs 
(Fig. 5). The rumors had 5% to 25% of the neoplastic 
cells immunoreactive. The staining was at the periphery 
of the cytoplasm, and omitting the counterstain its mem- 
brane-bound distribution was better outlined in most 
samples (Fig. 6). One sample of atypical carcinoid (no. 
21) was focally immunoreactive for sst2, despite nega- 
tive RT-PCR findings. Conversely, sample no. 26 was 
immunohistochernistry negative and RT-PCR positive. 
The antiserum anti-sst2A (code K230) gave positive sig- 
nal in 19 of 25 samples, in 5% to 60% of the neoplastic 
cell population (Fig. 7). The location of the staining was 
at the membrane level associated with a weak cytoplas- 
mic reactivity. The same pattern was seen in positive 
controls, e.g., pancreatic islets (Fig. 7, inset). Two 
samples (nos. 19 and 26) were negative in spite of a 
positive RT-PCR signal. Two other tumors (nos. 21 and 
-22), apparently devoid of sst2 mRNA, showed a small 
percentage of immunoreactive cells. Incidentally, one of 
these latter samples (no. 21) was also immunoreactive 
with monoclonal antibody 10G4 (Table 2). 

The five control samples positively RT-PCR were 
also reactive with the antibodies. The type of immuno- 
cytochemical location of sst2 receptors was similar to 
that described here, being a peripheral cytoplasmic stain- 
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3 4 5 6 7 8 9 10 31 12 13 U 15 16 17 18 19 20 C C* M 
FIG. 3. Reverse transcriptase polymerase chain reaction for sst2 mRNA in 20 control 
samples pi nonneuroendocrine lung carcinoma. Five of 20 samples show a weak band at 
284 bp corresponding to sst2 mRNA. Control" columns (C and C*) are identical to those in 
Fig. 2. 



284 bp 



Dinjtn Mot PdthoK Vol/9, flo.J.'20O0 



52 



M. PAPOTTI ET AL 



1 2 3 4 5 1 2 3 4 5 




FIG. 4. Western blot analysis of monoclonal antibody 
clones 1064 and 10C6 against sst? in Chinese hamster 
ovary cells transfected with recombinant sst 1 through 5 
(numbers of each column "correspond to receptor type). 
Monoclonal antibody 1 0G4 shows a specific band at ap- 
proximately 70 kD for sst2 only (A) as opposed to mono- 
clonal antibody 1 0C6, which strongly reacts with sst2 but 
also has some degrees of cross-reactivity with sst 1, 3, 
and 5 (B). The lower figures show control formalin-fixed 
paraffin-embedded pancreatic isJets irnmunostained with 
monoclonal antibody 10G4 without (C) and with (D) 
preadsorption with the peptide antigen, respectively. The 
majority of endocrine cells show a membrane-bound im- 
muhoreactivity (C) (immunop.eroxidase). Bar: 90 pm. 



ing present in 40% to 70% of neoplastic cells. A weak 
and focal staining was also observed in five of the re- 
maining RT-PGR- negative samples, when the antibody 
K230 was used (but not when the monoclonal was em- 
ployed). 

Several cells in peritumoral tissues were occasionally 
stained. Ciliated cells of bronchial mucosa had a periph- 
eral staining at the cilia border. Mucous glands were 
negative. Rare chondrocytes had a membrane staining. 
The wall of peritumoral as well as of occasional distant 
vessels was stained at the endothelium level and in oc- 
casional smooth muscle cells, 

. The reactivity of both antibodies was abolished in se- 
rial sections when the reagents were preabsorbed with 
the respective synthetic peptides, but not when an unre- 
lated peptide was used. The peritumoral bronchial mu- 
cosa had a focal staining of ciliated cells with both an- 
tibodies. This reactivity disappeared when die preab- 
sorbed antibody was applied. 



In Situ Hybridization 

Eight of 12 samples stained by ISH were positive for 
sst2 mRNA. The mRNA was present in a percentage of 
cells (ranging from 10% to 40%) and gave a weak signal 
(Fig. 8), despite the amplification provided by the tyra- 
mi de-based procedure. The background level was mini-, 
rnal using diluted biotinylated ryramide. Control sections 
stained with sense probe or an unrelated probe, or omit- 
ting the probe, were consistently negative. 

Clinical Data 

Clinicopathologic data are summarized in Table 2. At 
follow-up, the majority of patients with typical carci- 
noids are free from disease 1 to 11 years after surgery. 
Two patients are alive with stable metastatic disease. 
Patients affected by atypical carcinoids had disease pro- 
gression in one third of samples. Finally, patients with SCC 
had fatal outcomes within 1 year from diagnosis (except the 
recent sample). Eight patients had preoperative octreotide 
scintigraphy performed at the time of diagnosis. All patients 
had positive octreoscan findings, "and, in these patients, 
also the tumor was positive by RT-PCR and immu- 




FIG. 5. sample no. 25 (small cell carcinoma). Absence of 
immunoreactivity for sst2 with the monoclonal 10G4. This 
sample was also negative by reverse transcriptase poly- 
merase chain reaction and in situ hybridization. (Immuno* 
peroxidase in a form a lin- fixed pa raffin^mbedded sample. 
Nuclei slightly counterstained with hemalum.) Bar: 45 pm. 
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SOMATOSTATIN RECEPTOR TYPE 2 IN NEUROENDOCRINE LUNG TUMORS 



nobistocbemistiy or ISH. In addition, three of these pa- 
tients received octreotide therapy administered at the 
of tumor recurrence or metastatic spread. Stable 
disease is recorded at follow-up more than 5 years after 
diagnosis. 

Correlations 

Overall, complete overlapping (i.e., RT-PCR* ISH, 
and immunobistochemistry with two antibodies) be- 
tween sst2 gene and protein expression was obtained in 
21 of 25 samples (84%) and between RT-PCR results 

jjnfP^Tinlii<jQcbem iral fm d ing S-wilb:^LieasL o ne o f 

the antibodies in 24 of 25 samples (96%). The monoclo- 
nal antibody 10G4 looked highly sensitive, being able to 
stain all but one sample (no. 26) (95%) positive for sst2 
mRNA by RT-PCR. Sst2 expression, at mRNA as well 
as at protein levels, was reduced in high grade tumors, 
with SCCs being weakly positive in only two of five 
samples/Decreasing expression of sst2 appears to cor- 



FIG. 7. Same sample as in Fig. 6. Immunohislocberrwcal 
detection of sst2 by means of the polyclonal antibody 
K230. The immunostaining is more intense at the cell bor- 
der (arrows), as observed with the monoclonal antibody. 
In the inset, a pancreatic islet, used as positive control, 
shws a predominant membrane-bound immunostaintng ot 
many neuroendocrine cells. (Immunoperoxidase in a for- 
malin-fixed paraffin-embedded sample. Nuclei slightly 
counterstained with hemalum.) Ban 45 urn. 

relate with high tumor grade and elevated proliferative 
activity, but not with other parameters such sex, age, or 
tumor size. ' 

DISCUSSION 

In this study, the presence of sst2 mRNA has been 
demonstrated in a series of resected neuroendocrine tu- 
mors of the lung by.means of RT-PCR and confirmed by 
a sensitive uonradioactive tyramide-based ISH procedure 
and by immunohistochemistry with anti-sst2 antibodies. 
Samples of both carcinoid tumors and SCCs were sst2 
positive, although a reduced or absent signal was ob- 
served in poorly differentiated (small<eD) carcinomas. 
This is the first study of sst2 expression in a relatively 
large series of neuroendocrine tumors of the long. Smgle 
samples of human carcinoids and SCCs (including cell 
lines of the latter) had previously been analyzed and 
found to express sst2 (7,1 5;30\32,33,39,42). Several 
methods have been used to detect these receptors and 
partially overlapping resultsr^vere obtained. 

In the present study, the expression of high amounts of 



FIG. 6. sample no. 16 (typical carcinoid). Immunohisto- 
chemical detection of sst2 by means of monoclonal anti- 
body 10G4. The neoplastic cells have a peripheral cyto- 
plasmic staining, and membrane positivity in some .cells, 
whereas the peribronchial gland adjacent to the tumor is 
unreactive. (Immunoperoxidase in a formalin-fixed paraf- 
fin-embedded sample. Nuclei slightly counterstained with 
hemalum.) Bar: 45 pm. The membrane-bound distribution 
of the immunostaining is better outlined in a parallel sec- 
tion stained for monoclonal antibody 10G4 omitting 
nudear counterstain (inset). 
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TABLE 2. Clinicopathologic data and somatostatin receptor type 2 (sst2) expression in 26 cases of neuroendocrine 

- lung tumors 
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AWD, alive with disease; CgA, chromogranin A; DOD, died of disease; + F, focal: positive in <5% of cells; IHC; Immunohistochemistry; 
Mab, monoclonal antibody; NECa, Neuroendocrine carcinoma; NED, no evidence of disease; NET, neuroendocrine tumor; NT, not tested; 
RT-PCR. reverse transcriptase polymerase chain reaction; SCC, SmalKceli lung carcinoma; SYP, synaptophysin; WD, weB differentiated. 
. * Ki67 IHC: values cpnespond to percentage of positive nuclei of neoplastic cells. 

t Patients who had preoperative octreoscan performed. 

t Patients who had octreoscan performed ^and octreotide treatment. 



sst2 mRNA was confirmed in well to moderately differ- 
entiated neuroendocrine tumors, in agreement with the 
results obtained by Reubi et a}, (32) by means of radio- 
active ISH. The presence of sst2 mRNA in SCC had 
never been reported in human specimens* except for two 
samples included in. Reubi et al.'s series (32). Although 
the data on cell lines support the observation that SCCs 
contain sst2 (42), slightly discrepant results were found 
in some of samples described here. Unfortunately, SCCs 
are rarely operated on, and therefore it is difficult to 
collect a large number of surgical specimens. The live 
samples studied in the current series by means of RT- 
PCR had a low amount (two samples) or absent (three 
samples) sst2 mRNA. This could be the result of the 
extensive necrosis commonly present in such rumor 
types. However, because care was taken to freeze frag- 
ments that were macroscopically devoid of necrotic ar- 
eas, a more likely hypothesis is that sst2 expression is 
reduced in poorly differentiated rumors. Recently, Reis- 
inger et al. (29) showed that the uptake of somatostatin 
analogues in patients with SCC undergoing chemo- 
therapy is significantly lower, and therapeutic external 
factOrTmay affect the receptor status of individual ru- 
mors. In addition, the uptake of somatostatin analogues 



in metastatic deposits of SCC has been shown to be low 
or absent (29,2). The present findings suggest that the 
-sst2 mRNA content is related to the degree of tumor 
differentiation. These data must be confirmed in larger 
series of nonneurbendocrine tumors to ascertain whether 
the observed loss or decrease of "sst2 expression in neu- 
roendocrine tumors is a common, event linked to neo- 
plastic dedifferentiation. In addition, further studies are 
needed to assess the fuhctionaJity of such receptors, by 
comparing the profile of sst2 expression in tumor tissues 
with binding assays employing labeled somatostatin and 
with the clinical response to diagnostic and therapeutic 
administration of somatostatin analogues. 

To this "purpose, several investigators have demon- 
strated a correlation between clinical imaging or re- 
sponse to somatostatin analogue treatment, and sst2 
mRNA content in single. samples of carcinoid tumors 
(15,22). Northern blotting and ISH were the techniques 
used for sst2 mRNA identification. This kind of corre- 
lation is useful for selecting patients for somatostatin 
analogue treatment, although the demonstration of recep- . 
tor mRNA in a cell does not imply per se that the recep- 
tor is fully functional. 
The. present study relied on a highly sensitive tech: 
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-FK5. .8» sample no. -1-1 typical carcinoid). In-sftu-hybHd— 
ization (ISH) tot sst2 mRNA shows a weak cytoplasmatic 
slaining (A) in most tumor cells.. An ISH performed with an 
unrelated probe was negative in a serial section of. the 
same tumor (B). This sample was strongly positive by 
reverse transcriptase polymerase chain reaction for sst2 
mRNA and by immunohistochemistry. (Nonradioactive 
ISH revealed by peroxidase and diaminobenzidine, as 
substrate. Nuclei counterstained with hemalum.) Bar: 
75 pm. . 



nique, RT-PCR, to identify all samples bearing even 
small amounts of sst2 mRNA. Indeed, in a previous 
study, single samples exhibiting octreotide-bincting sites 
■ had no demonstrable sst2 mRNA by means of ISH, pos- 
sibly due to the low sensitivity of the ISH procedure (34). 
The RT-PCR bas shown sst2 mRNA transcripts in the 
majority of samples here studied. Only four samples 
were negative, all belonging to poorly differentiated high 
grade tumors, which usually follow an aggressive course. 
A decrease of sst2 mRNA expression in association with 
neuroendocrine rumor dedifferentiatjon had also been re- 
ported in neuroblastomas (37). In the above report, as 
well as in the current study, samples having an unfavor- 
able prognosis were found to contain a relatively low 
amount of ssl2 mRNA, as compared with well- 
differentiated tumors. 

In the current sample series, eight samples were in- 
vestigated before surgery with radiolabeled octreotide. 
Despite the low figures, all the samples positive at the 
diagnostic procedure had a strong RT-PCR signal for 
sst2 mRNA. Three of eight patients were also responsive 
to octreotide treatment administered at the time of re- 
lapse or metastatic spread. More extensive correlative 
clinicopathologic studies on the sst status are needed to 
better define the tissue distribution of somatostatin bind- 
ing sites and their potential clinical role in the treatment 
of patients. 

Sst2 evaluation by means of ISH (14,32) or RT-PCR 
(26^7) is a highly sensitive and reliable procedure. Un- 
fortunately, these techniques have limitations because 
frozen tissue is needed for some of them, and radioactive • - 
material or costly and time-consuming methods are nec- 



essary for others. Irmnunorjistodjemical analysis of sst2 
by means of specific antibodies represents an ideal, 
cheap, and rapid alternative, easily applicable to archival 
material. For these reasons* several investigators have 
raised polyclonal antibodies specific for sst (8,10,15,17, 
18). In the current study, tested tumor fragments adjacent 
to those snap frozen for RT-PCR analysis were tested 
with a polyclonal antibody against a C-terminal portion 
of the sst2A splice variant (35,36). In addition, .a mono- 
clonal antibody was produced in the Department of Pa- 
thology (University of Turin) against an N-terminal se- 
quence of the human sst2. This antibody was the first 
monoclo n al devel oped against sst2 and was.sbown to be 



highly specific for sst2 in Western blot and immunohis- 
tocbemical analysis. Both the monoclonal and the poly- 
clonal antibodies specifically reacted with all samples 
also positive by RT-PCR (with minor discrepancies in 
two samples, likely due to tumor heterogeneity). The 
observed correlation between RT-PCR and immunobis r ■ 
tocbemistry indicates that the latter may be a reliable 
diagnostic tool and may allow immunoristocbernical in* 
vestigation for sst2 even in small biopsy samples. This in 
rum may enable a rapid screening of sst2~positive .tumors 
for medical treatment with somatostatin analogues. 

Having confirmed in a relatively large series that the 
vast majority of neuroendocrine tumors of the lung con- 
tain variable amounts of sst2 mRNA, a final comment is 
deserved for sst2 expression in nonneuroendocrine lung 
carcinomas. No data have been reported thus far in the 
literature concerning normal human lung, although in the 
present study some bronchial cells of peritumoral paren- 
chyma were positive for sst2 when immuriohistochemi- 
cal analysis was performed with either antibody. The 
staining was specific because it was abolished using pre- 
absorbed antibodies. Therefore, it is likely that normal 
human lung tissue contains sst2/ This might be con- 
fumed by alternative techniques (e.'g.,* Western blot, RT- 
PCR). However, in situ morphologic procedures, such as 
those employed here, have definite advantages. In fact, 
the lung is rich in vessels, anil in several tissues (either in - 
tumoral or in mflammatory-reactive conditions) the ves- 
sels were recently shown to contain sst (6). 

A low expression of sst2 was found in 25% of lung 
carcinomas of nonneurbendocrine type investigated in 
the present study by means of RT-PCR. Therefore, sst 
type 2, at least, does not appear to be extensively ex- 
pressed in nonneuroendocrine carcinomas of the lung. 
However, because two tumors in the control group (a 
squamous carcinoma and an adenocarcinoma, respec- 
tively) had positive octreotide scintigraphy, but no ssl2 
mRNA, it is plausible that a* heterogeneous disuibution 
of sst occurs in nonneuroendocrine lung rumors. Other 
receptor types may be expressed in these tumors and may 
-be responsible for the positive results in diagnostic test- 
ing. Because sst5.is also known to bind somatostatin 
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analogues, sucb as octreotide, with high affinity (24), the 
expression of this receptor type will be investigated in 
future studies. □ 
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P-cadherin overexpression is an indicator of clinical outcome in invasive 
breast carcinomas and is associated with CDH3 promoter 
hypomethylation. 

Paredes J , Albergaria A , Oliveira JT . Jeronimo C , Milanezt F, Schmitl FC . 

Institute of Pathology and Molecular Immunology of Porto University (IPATIMUP), 
Braga, Portugal, jparedes@ipatimup.pt 

PURPOSE: P-cadherin overexpression has been reported in breast carcinomas, where it 
was associated with proliferative high-grade histological tumors. This study aimed to 
analyze P-cadherin expression in invasive breast cancer and to con-elate it with tumor 
markers, pathologic features, and patient survival. Another purpose was to evaluate the P- 
cadherin promoter rnethylation pattern as the molecular mechanism underlying this gene 
regulation, EXPERIMENTAL DESIGN: Using a series of invasive breast carcinomas, P- 
cadherin expression was evaluated and correlated with histologic grade, estrogen 
receptor, MlB-1, and p53 and c-erbB-2 expression. In order to assess whether P-cadherin 
expression was associated with changes in CDH3 promoter rnethylation, we studied the 
rnethylation status of a gene 5 -flanking region in these same carcinomas. This analysis 
was also done for normal tissue and for a breast cancer cell line treated with a 
demethylating agent. RESULTS: P-cadherin expression showed a strong correlation with 
high histologic grade, increased proliferation, c-erbB-2 and p53 expression, lack of 
estrogen receptor, and poor patient survival. This overexpression can be regulated by 
gene promoter rnethylation because the 5-Aza-2'-deoxycytidine treatment of MCF-7/AZ 
cells increased P-cadherin mRNA and protein levels. Additionally, we found that 71% of 
P-cadherin-negative cases showed promoter rnethylation, whereas 65% of positive ones; 
. were unmethylated (P = 0,005). The normal P-cadherin-negative breast epithelial cells 
showed consistent CDH3 promoter rnethylation. CONCLUSIONS: P-cadherin expression 
was strongly associated with tumor aggressiveness, being a good indicator of clinical 
outcome. Moreover, the aberrant expression of P-cadherin in breast cancer might be 
regulated by gene promoter hypomethylation. 



PMID: 16115928 [PubMed - in process] 




Links 



Mammary-derived growth inhibitor protein and messenger ribonucleic 
acid concentrations in different physiological states of the gland. 

Politis I , Gorewit RC . Muller T, Grosse R . 

Department of Animal Science, Cornell University, Ithaca 14853. 

Expression of mammary-derived growth inhibitor in tissue from lactating and involuting 
bovine mammary glands was investigated. Seventeen lactating, pregnant (220 to 272 d in 
gestation) cows were divided in two groups of 8 and 9 cows each. Cows of the first group 
were slaughtered while in lactation. Cows of the second group (9 involuting cows) were 
slaughtered at 13 to 52 d following sudden cessation of milking. High concentrations of 
mammary-derived growth inhibitor (.63% of the total protein) were detected in mammary 
tissue of lactating cows. Mammary-derived growth inhibitor (less than .10% of the total 
protein) was dramatically reduced during most of the involution period (1 3 to 45 d 
following cessation of milking). Mammary-derived gro wth inhibitor was again detected 
(.28% of the total protein) during the last stage of the involution (46 to 53 d after 
cessation of milking), which coincided with colostrum formation. When steady state 
concentrations of mammary-derived growth inhibitor mRNA were examined, the results 
obtained mirrored those obtained at the protein concentration. These data suggest that 
regulation of mammary-derived growth inhibitor occurs via modulation of the steady 
state concentration of its mRNA. Furthermore, there is a strong correlation between 
mammary-derived growth inhibitor expression and lactation in dairy cows. 

_ PMID: 1500548 [PubMed - indexed for MEDLINE] 
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Matrilin-3 in human articular cartilage: increased expression in 
osteoarthritis. 

PuUig O, Wesetoh G , Klatt AR , Wagener R , Swoboda B . 

Division of Orthopaedic Rheumatology, Department of Orthopaedics, University of 
Erlangen-Nuremberg, Rathsberger Str. 57, D-9 1 054 Erlangen, Germany. 
oliver.pulIig@med.uni-erlangen.de 

OBJECTIVE: Matrilin-3 is a member of the recently described matrilin family of 
extracellular matrix proteins containing von Willebrand factor A-like domains. The 
matrilin-3 subunit can form homo-tetramers as well as hetero-oligomers together with 
subunits of matrilin- 1 (cartilage matrix protein). It has a restricted tissue distribution and 
is strongly expressed in growing skeletal tissues. Detailed information on expression and 
distribution of extracellular matrix proteins is important to understand cartilage function 
in health and in disease like osteoarthritis (OA). METHODS: Normal and osteoarthritic 
cartilage were systematically analysed for matrilin-3 expression, using 
irnmunohistpchemistry, Western blot analysis, in situ hybridization, and quantitative 
PCR. RESULTS: Our results indicate that matrilin-3 is a mandatory component of 
mature articular cartilage with its expression being restricted to chondrocytes from the 
tangential zone and the upper middle cartilage zone. Osteoarthritic cartilage samples with 
only moderate morphological osteoarthritic degenerations have elevated levels of 
matrilin-3 mRNA. In parallel, we found an increased deposition of matrilin-3 protein in 
the cartilage matrix. Matrilin-3 staining was diffusely distributed in the cartilage matrix, 
with no cellular staining being detectable. In cartilage samples with minor osteoarthritic 
lesions, matrilin-3 deposition was restricted to the middle zone and to the upper deep 
zone. A strong correlation was found between enhanced matrilin-3 gene and protein 
expression and the extent of tissue damage. Sections with severe osteoarthritic 
degeneration showed the highest amount of matrilin-3 mRNA, strong signals in in situ 
hybridization, and prominent protein deposition in the middle and deep cartilage zone. 
CONCLUSION: We conclude that matrilin-3 is an integral component of human articular 
cartilage matrix and that the enhanced expression of matrilin-3 in OA may be a cellular 
response to the modified microenvironment in the disease. Copyright 2002 OsteoArthritis 
Research Society International. 
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Up-regulation of mitochondrial peripheral benzodiazepine receptor 
expression by tumor necrosis factor alpha in testicular leydig cells. 
Possible involvement in cell survival. 

Rev C Mauduit C . Naureils O , Benahmed M Louisot P , Gasnier F . 

INSERM U. 1 89, Faculte de Medecine Lyon-Sud, BP 1 2, 6992 1 cedex, Oullihs, France. 

Porcine Leydig cells in primary cultures are resistant to tumor necrosis factor alpha 
(TNFalpha) cytotoxicity. Here we report that these cells can be rendered sensitive to 
TNFalpha killing by treatment with the translational inhibitor cycloheximide, suggesting 
the existence of proteins that can suppress the death stimulus induced by the cytokine. In 
search of these cytoprotective proteins, we focused on the constituents of the 
mitochondrial permeability transition pore (PT pore), whose opening has been shown to 
play a critical role in the TNFalpha-mediated death pathway. We found that TNFalpha 
up-regulated mRNA and protein expression of the mitochondrial peripheral 
benzodiazepine receptor (PBR), an outer membrane-derived constituent of the pore. A 
strong correlation was established between the resistance of the cells to TNFalpha killing 
and the density of PBR-binding sites. Concomitantly, TNFalpha down-regulated Bcl-2 
mRNA and protein expression. As Bcl-2 has been shown to be an endogenous inhibitor 
of the PT pore, we hypothesize that the TNFalpha-induced up-regulation of PBR 
expression may compensate for the decrease in Bcl-2 levels to prevent the opening of the 
PTpore. 
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GLUT1 messenger RNA and protein induction relates to the malignant 
transformation of cervical cancer. 

Rudlowski C Becker AJ. Schroder W , Rath W . Buttner R . Moser M . 

Dept of Gynecology and Obstetrics, University Hospital Heidelberg, Vossstr 7-9, D- 
691 15 Heidelberg, Germany. 

We studied whether induction of glucose transporters (GLUTs) 1 to 4 correlates with 
human papillomavirus (HPV)-dependent malignant transformation of cervical epithelium. 
Tissue samples of cervical intraepithelial neoplasia (CIN; grades 1 to 3), invasive 
carcinomas, and lymph node metastasis were examined. HPV typing was performed. 
Tissue sections were immunostained with GLUT1 to GLUT4 antibodies. Messenger 
RNA (mRNA) in situ hybridization confirmed GLUT1 protein expression. Weak 
expression of GLUT I was found in nondysplastic HPV-positive and HPV-negative 
epithelium; significant expression was observed in preneoplastic lesions, correlating with 
the degree of dysplasia. In CIN 3 high-risk HPV lesions, cervical cancer, and metastasis, 
GLUTT1 was expressed at highest levels with a strong correlation of GLUT1 mRNA and' 
protein expression. Immunostains for GLUT2 to GLUT4 were negative. Cervical tumor 
cells respond to enhanced glucose utilization by up-regulation of GLUT1. The strong 
induction of GLUT1 mRNA and protein in HPV-positive CIN 3 lesions suggests GLUT1 
overexpression as an early event in cervical neoplasia. GLUT1 is potentially relevant as a 
diagnostic tool and glucose metabolism as a therapeutic target in cervical cancer. 
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UVA irradiation-induced activation of activator protein- 1 is correlated 
with induced expression of AP-1 family members in the human 
keratinocyte cell line HaCaT. 

Silvers AL , Bowden GT . 

Department of Radiation Oncology, Arizona Cancer Center, The University of Arizona, 
Tucson 85724, USA. 

To determine whether the transcription factor activator protein- 1 ( AP- 1 ) could be 
modulated by ultraviolet A (UVA) exposure, we examined AP-i DNA-bindmg activity 
and transactivation after exposure to UVA in the human immortalized keratinocyte cell 
line HaCaT. Maximal AP-1 transactivation was observed with 250 kJ/m2 UVA between 
3 and 4 h after irradiation. DNA binding of AP-1 to the target 12-0- 
tetradecanoylphorbol-13-acetate response element sequence was maximally induced 1-3 
h after irradiation. Both de novo transcription and translation contributed to the UVA- 
induced AP-1 DNA binding. c-Fos was implicated as a primary component of the AP-1 
DNA-binding complex. Other components of the complex included Fra-2, c-Jun, JunB 
and JunD. UVA irradiation induced protein expression of c-Fos, c-Jun, Fra-1 and Fra-2. 
Phosphorylated forms of these induced proteins were determined at specific time points. 
A strong correlation existed between UVA-induced AP-1 activity and accumulation of c- 
Fos, c-Jun and Fra-1 proteins; UVA irradiation also induced c-fos and c-jun mRNA 
expression and transcriptional activation of the c-fos gene promoter. These results 
demonstrate that UVA irradiation activates AP-l and that c-fos induction may play a 
critical role in the response of these human keratinocytes to UVA irradiation. 
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Tumor necrosis factor-alpha upregulates the prostaglandin E2 EP1 
receptor subtype and the cycIooxygenase-2 tsoform in cultured amnion 
WISH cells. 

Spaziani EP , Bcnoit RR , Tsibris JC , Gould SF , O'Brien WF . 

University of South Florida Health Science Center, Department of Obstetrics 8c 
Gynecology, Tampa 33612, USA. espa2ian@c0ml.med.usf.edu 

Recent studies have demonstrated a strong correlation between infection and preterm 
labor. Preterm delivery is also associated with high levels of cytokines and prostaglandins 
in amniotic fluid. The purpose of this study was to investigate the effect of tumor necrosis 
factor-alpha (TNF-alpha) on the levels of cyclooxygenase, prostaglandin E2 production 
(PGE2), and expression of the PGE2 receptor subtype EP 1 in amnion WISH cell culture. 
Amnion WISH cell cultures were incubated in increasing concentrations of TNF-alpha 
(0-50 ng/ml). Changes in cyclooxygenase and EP1 receptor proteins were evaluated by 
Western blot analysis. Changes in EP1 mRNA were evaluated by Northern blot, and 
culture fluid concentrations of PGE2 were estimated by enzyme immunoassay (EIA). 
-EP1 protein (p<0.01), EP1 mRNA (p<0.05), cyclooxygenase-2 (COX-2) protein 
(p<0.001), and PGE2 concentrations (pO.Ol) all increased with increasing 
concentrations of TNF-alpha. Changes in COX-1 protein were not observed following 
TNF-alpha-incubation. The results suggest that TNF-alpha may play a role in infection- 
induced preterm labor by its pleiotropic ability to simultaneously stimulate COX-2 
activity, PGE2 concentrations, and PGE2 EP1 receptor levels in human amnion. 
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Specific inhibition of AQP1 water channels in isolated rat intrahepatic bile 
duct units by small interfering RNAs. 

Splinter PL , Masyuk AI , LaRnsso NF . 

Center for Basic Research in Digestive Diseases, Division of Gastroenterology and 
Hepatology, Mayo Medical School, Clinic, and Foundation, Rochester, Minnesota 55905 
USA. 

Cholangiocytes express water channels (i.e. aquaporins (AQPs)), proteins that are 
increasingly recognized as important in water transport by biliary epithelia. However, 
direct functional studies demonstrating AQP-mediated water transport in cholangiocytes 
are limited, in part because of the lack of specific AQP inhibitors. To address this issue, 
we designed, synthesized, and utilized small interfering RNAs (siRNAs) selective for 
AQP1 and investigated their effectiveness in altering AQP 1 -mediated water transport in 
intrahepatic bile duct units (IBDUs) isolated from rat liver. Twenty-four hours after 
transfection of IBDUs with siRNAs targeting two different regions of the AQP 1 
transcript, both AQP1 mRNA and protein expression were inhibited by 76.6-92.0 and 
57.9-79.4%, respectively. siRNAs containing the same percent of base pairs as the 
AQP 1 -siRNAs but in random sequence (i.e. scrambled siRNAs) had no effect 
Suppression of AQP I expression in cholangiocytes resulted in a decrease in water 
transport by IBDUs in response to both an inward osmotic gradient (200 mosm) or a 
secretory agonist (forskolin), the osmotic water permeability coefficient (P(f)) decreasing 
up to 58.8% and net water secretion (J(v)) decreasing up to 87%. A strong correlation 
between AQP1 protein expression and water transport in IBDUs transfected with AQP 1- 
siRNAs was consistent with the decrease in water transport by IBDUs resulting from 
AQP1 gene silencing by AQP 1 -siRNAs. This study is the first to demonstrate the 
feasibility of utilizing siRNAs to specifically reduce the expression of AQPs in epithelial 
cells and provides direct evidence of the contribution of AQP1 to water transport by 
biliary epithelia. 
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Type IV collagenase (M(r) 72,000) expression in human prostate: benign and 
malignant tissue. 

Stearns ME , WangJVT. 

Department of Pathology, Medical College of Pennsylvania, Philadelphia 19129. 

The expression of type IV collagenase (M(r) 72,000) has been examined in tissues from patients 
with benign prostatic hyperplasia (6 patients) and varying Gleason grades of malignant prostate 
cancer ( 1 8 patients), Immunoperoxidase labeling indicated that expression of the type IV 
collagenase was weak or nonexistent in benign tissue but consistently strong in the glandular and 
ductal epithelial cells of prostate tumors diagnosed at Gleason grades 1-8. In moderate to 
advanced cancer (i.e., Gleason grades 2 to 8), invasive tumor foci in the stromal tissue produced 
relatively modest amounts of type IV collagenase. The normal stromal tissue (i.e., fibroblasts) 
uniformly failed to produce detectable levels of type IV collagenase in the 24 patients examined. 
Northern and quantitative slot blot hybridization assays demonstrated that collagenase type IV 
mRNA levels were low in benign tissue and high in malignant tumors. In contrast, the stromal 
cells did not express significant amounts of type IV collagenase mRNA. En2yme-linked 
immunosorbent assays demonstrated that the amounts of type IV collagenase protein correlated 
directly with the mRNA levels in the tumor tissue. The studies suggest that type IV collagenase 
may be selectively overexpressed by malignant, preinvasive prostatic epithelial cells. 
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TNF-alpha and IL-8 are upregulated in the epidermis of normal human 
skin after UVB Exposure: correlation with neutrophil accumulation and E- 
selectin expression. 

Strickland 1 , Rhodes LE , Flanagan BF, Friedmann PS . 

Department of Dermatology, University of Liverpool, United Kingdom. 

The in vivo response to ultraviolet B (UVB) radiation in skin is characterized by the 
accumulation of both mononuclear and polymorphonuclear cells within the dermis and an 
induction of vascular endothelial adhesion molecules. Epidermal production of cytokines 
(IL-8 and TNF-alpha) has been strongly implicated in the development of UVB-induced 
inflammation. In the current study, we examined the time course of IL-8 and TNF-alpha 
mRNA and protein expression in the epidermis over a 24-h period after in vivo UVB 
irradiation. Also, the induction of adhesion molecule, expression and the accumulation of 
neutrophils within the dermis were followed. We found constitutive expression of both 
cytokines (mRNA and protein) in the epidermis of unirradiated skin. IL-8 was rapidly 
upregulated after irradiation and mRNA and protein increased at 4 h, reaching a 
maximum between 8 and 24 h. TNF-alpha mRNA and protein was minimally increased 
by 8 h after UVB irradiation and reached a maximum by 24 h. No significant alteration in 
ICAM-1 or VCAM-l expression was observed. E-selectin expression, which was absent 
from control samples, was increased from 4 h onward and also reached a maximum at 24 
h, coinciding with peak neutrophil accumulation. A strong correlation (r = 0,96) was 
found between number of E-selectin-positive vessels and numbers of infiltrating 
neutrophils at this time. Moreover, because E-selectin expression was increased before 
any apparent increase in TNF-alpha protein (4 h), TNF-alpha does not appear to be 
involved in the early induction of the adhesion molecule, but cytokines such as TNF- , 
alpha and IL-8 may act subsequently to augment the inflammatory response. 
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Baisic fibroblast growth factor expression is increased in human renal 
fibrogenesis and may mediate autocrine fibroblast proliferation. 

Strutz F, Zeisberg M Hemmerlein B , Sattler B, Hummel K Becker V . Muller GA . 

Department of Nephrolpgy and Rheumatology, Georg-August-University Gottingen, 
Germany, fstrutz@gwdg.de 

BACKGROUND: Interstitial fibroblasts play a critical role in renal fibrogenesis, and 
autocrine proliferation of these cells may account for continuous matrix synthesis. Basic 
fibroblast growth factor (FGF-2) is mitogenic for most cells and exerts intracrine, 
autocrine, and paracrine effects on epithelial and mesenchymal cells. The aims of the 
present studies were to localize and quantitate the expression of FGF-2 in normal and 
pathologic human kidneys and to study the in vitro effects of FGF-2 on proliferation, 
differentiation, and matrix production of isolated cortical kidney fibroblasts. METHODS: 
FGF-2 protein expression was localized by immunofluoresence double labelings in 
normal and fibrotic human kidneys. Subsequently, interstitial FGF-2 labeling was 
determined semiquantitative^ in 8 normal kidneys and 39 kidneys with variable degrees 
of interstitial fibrosis and was correlated with the morphometrically determined, 
interstitial cortical volume. In addition, FGF-2 expression was quantitated by immunoblbt 
analysis in three normal and six fibrotic kidneys. FGF-2 mRNA was localized by in situ 
hybridizations. Seven primary cortical fibroblast lines were established, and expression of 
FGF-2 and FGF receptor-1 (FGFR-1) were examined. The effects of FGF.2 on cell 
proliferation were determined by bromodeoxyuridine incorporation and cell counts, those 
on differentiation into myofibroblasts by staining for alpha-smooth muscle actin, and 
those on matrix synthesis by enzyme-linked immunosorbent assay for collagen type I and 
fibronectin. Finally, proliferative activity in vivo was evaluated by expression of MIB-1 
(Ki-67 antigen). RESULTS: In normal kidneys, FGF-2 expression was confined to 
glomerular, vascular, and a few tubular as well as interstitial fibroblast-Iike cells. The 
expression of FGF-2 protein was increased in human kidneys, with tubulointerstitia! 
scarring correlating with the degree of interstitial fibrosis (r = 0.84, P < 0.01 ). 
Immunoblot analyses confirmed a significant increase in FGF-2 protein expression in 
kidneys with interstitial scarring. In situ hybridization studies demonstrated low-level 
detection of FGF-2 mRNA in normal kidneys. However, FGF-2 mRNA expression was 
robustly up-regulated in interstitial and tubular cells in end-stage kidneys, indicating that 
these cells are the source of excess FGF-2 protein. Primary cortical fibroblasts express 
FGF-2 and FGFR-1 in vitro. FGF-2 induced a robust growth response in these cells that 
could be blocked specifically by a neutralizing FGF-2 antibody Interestingly, the 
addition of the neutralizing antibody alone did reduce basal proliferation up to 31.5%. In 
addition, FGF-2 induced expression of alpha-smooth muscle actin up to 1.6-fold, but no 
significant effect was observed on the synthesis of collagen type 1 and fibronectin. 
Finally, staining for MIB-1 revealed a good correlation of interstitial FGF-2 positivity 



with interstitial and tubular proliferative activity (r = 0.71, P < 0.01 for interstitial 
proliferation, N = 30). CONCLUSIONS; Interstitial FGF-2 protein and mRNA 
expression correlate with interstitial scarring. FGF-2 is a strong mitogen for cortical 
kidney fibroblasts and may promote autocrine fibroblast growth. Expression of FGF-2 
correlates with interstitial and tubular proliferation in vivo. 
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Adiposity elevates plasma MCP-1 levels leading to the increased GDI lb- 
positive monocytes in mice, 

Takahashi K, Mizuarai S . Araki IL Mashiko 3, Ishihara A, Kanatani A Itadani H 
Kotani H ( 

Banyu Tsukuba Research Institute in collaboration with Merck Research Laboratories, 
Tsukuba, rbaraki 300-261 1, Japan. 

Obesity is currently considered as an epidemic in the western world, and it represents a 
major risk factor for life-threatening diseases such as heart attack, stroke, diabetes, and 
cancer. Taking advantage of DNA microarray technology, we tried to identify the 
molecules explaining the relationship between obesity and vascular disorders, comparing 
mRN A expression of about 12,000 genes in white adipose tissue between normal, high 
fat diet-induced obesity (DIO) and d-Trp34 neuropeptide Y-induced obesity in mice. 
Expression of monocyte chemoattractant protein- 1 (MCP-1) mRNA displayed a 7.2-fold 
increase in obese mice as compared with normal mice, leading to substantially elevated 
MCP-I protein levels in adipocytes. MCP-1 levels in plasma were also increased in DIO 
mice, and a strong correlation between plasma MCP-1 levels and body weight was 
identified. We also showed that elevated MCP-1 protein levels in plasma increased the 
CD1 lb-positive monocyte/macrophage population in DIO mice. Furthermore, infusion of 
MCP-1 into lean mice increased the CD 1 lb-positive monocyte population without 
inducing changes in body weight. Given the importance of MCP-1 in activation of 
monocytes and subsequent atherosclerotic development, these results suggest a novel role 
of adiposity in the development of vascular disorders. 
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Augmented expression of neuronal nitric oxide synthase in the atria 
parasympathetically decreases heart rate during acute myocardial 
infarction in rats. 

Takimoto Y, Aovama T , Tanaka K, Kevamura R Yut Y , Sasayama S . 

Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan. 

BACKGROUND: Nitric oxide (NO) synthesized within sinoatrial cells recently has been 
shown to participate in the autonomic control of heart rate. We hypothesized that NO in 
the neuronal cells in the heart was increased and parasympathetically regulated heart rate 
after myocardial infarction (MI). METHODS AND RESULTS: We examined heart rate 
dynamics and neuronal NO synthase (nNOS) expression and activities in the atria of rats 
with MI 1, 3, 7, and 1 4 days after MI (n=7 to 22 for each group). Both the mRNA levels 
of nNOS in the atria determined by competitive reverse transcriptase-polymerase chain 
reaction and the protein levels determined by Western blotting were significantly 
increased compared with controls 1,3, and 7 days after MI. nNOS activity in the atria 1 
day after infarction was also increased in MI rats. nNOS immuhoreactivity was observed 
in nerve fibers in the atria. After infusion of a specific inhibitor of nNOS and iNOS, l-(2- 
trifluoromethylphenyl) imidazole (TRIM) (50 mg/kg IV), heart rate was significantly 
(P<0.01) increased in MI rats compared with controls 1,3, and 7 days after MI. The 
iNOS-specific inhibitor, 1400W (10 mg/kg SC), did not significantly affect the heart rate 
in rats with MI. The effect of TRIM was abolished by pretreatment with L-arginine (25 
mg/kg IV) or by parasympathetic blockade with atropine but not by propranolol. There 
was a strong correlation (r^0.837, PO.0001) between the nNOS protein expression and 
heart rate change after TRIM infusion. CONCLUSIONS: These results indicate that 
increased nNOS parasympathetically decreased heart rate via the production of NO in 
rats with acute ML 
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Differential upregulation of cellular adhesion molecules at the sites of 
oxidative stress in experimental acute pancreatitis. 

Telek G , Ducroc R, Scoazec JY , Pasquier C Feldmann G . Roze C. 

INSERM U 410, Universite Paris 7 Denis Diderot, 75870 Paris, France. 

BACKGROUND: Severe acute pancreatitis (AP)(2) is associated with exaggerated 
leukocyte adherence and activation. Endothelial cellular adhesion molecules (CAMs) can 
be induced by cytokines, but also directly by oxygen free radicals (OFRs), mediated by 
nuclear factor kappa-B (NF-kappa B). We investigated the behavior of inducible CAMs 
in relation to pancreatic oxidative stress. Our novel modification of cerium capture 
histochemistry (reaction of OFRs with cerium produces laser reflective Ce perhydroxide 
precipitates) combined with reflectance confocal laser scanning microscopy (CLSM) 
allows the histological codernonstration of in vivo OFR production and immunolabeled 
CAMs, or NF-kappa B. METHODS: Taurocholate AP was induced in rats; sham 
operated and normal animals served as controls. To achieve in situ, in vivo reaction of 
cerium with OFRs, animals were perfused with CeCl(3) solution at different time points 
(1, 2, 8, 24 h) an d then sacrificed; E-selectin, P-selectin, ICAM-1, VCAM, and NF-kappa 
Bp65 were labeled by immunofluorescence (IF) on frozen sections of cerium perfused 
.pancreata. IF and Ce perhydroxide reflectance were simultaneously detected by CLSM. 
Pancreatic gene expression of the same CAMs was quantified by competitive RT-PCR 
(MIMIC internal control). RESULTS: Control pancreata showed negligible reflectance 
and minimal CAM expression. Early (1, 2 h) AP samples were characterized by intense, 
heterogeneous acinar OFR production, strong P-selectin, and increasing ICAM 
expression, with nuclear translocation of p65, histologically all colocalizing with the 
areas of acinar oxidative stress. Adherent polymorphonuclear leukocytes (PMNs) 
displayed weak OFR formation. Later (8, 24 h), a slowly declining P-selectin, but 
persisting ICAM-1 expression, was paralleled by widespread adherence of PMNs 
producing surprisingly large amounts of OFRs. VCAM and E-selectin showed a mild 
increase at 24 h, CAM gene activation was in good correlation with the protein 
expression. CONCLUSIONS: The early acinar oxidative stress is colocalized with NF- 
kappa B activation, preferential P-selectin, and ICAM upregulation in this AP model. 
Subsequently, adherent, activated PMNs become the major source of OFRs, thereby 
contributing to tissue damage. Copyright 2001 Academic Press. 
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Myotonic dystrophy: an unstable CTG repeat in a protein kinase gene. 
Timchenko L, Monckton DG , Caskey CT . 

Department of Molecular and Human Genetics, Baylor College of Medicine, Texas 
Medical Center, Houston 77030, USA. 

Myotonic dystrophy (DM) is caused by the amplification of CTG repeats in the 3 1 
untranslated region of a gene encoding a protein homologous to serine/threonine protein 
kinases. In DM patients the CTG repeats are extremely unstable, varying in length from 
patient to patient and generally increasing in length in successive generations. There is a 
strong correlation between the size of the repeats and the age of onset and severity of the 
disease. The molecular basis of the effect of the CTG expansion on the development of 
the DM phenotype continues to be investigated. The first working hypothesis of the 
molecular mechanism of DM was a reduction in steady-state myotonin-protein kinase 
(Mt-PK) mRNA and protein levels. However, although the consensus finding is that the 
Mt PK mRNA and protein levels are decreased in DM patients, it is still not clear if this 
reduction leads directly to the DM phenotype. In this short review we discuss the 
molecular aspects of CTG instability and the expression of the myotonin-protein kinase 
gene in normal and DM populations. 

Publication Types: 

• Review 

• Review, Tutorial 
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Induction of class 3 aldehyde dehydrogenase in the mouse hepatoma cell 
line Hepa-1 by various chemicals. 

Torronen R, Korkalainen M . Karenlampi SO . 

Department of Physiology, University of Kuopio, Finland. 

The mouse hepatoma cell line Hepa-1 was shown to express an aldehyde dehydrogenase 
(ALDH) isozyme which was inducible by TCDD and carcinogenic polycyclic aromatic 
hydrocarbons. The induced activity could be detected with benzaldehyde as substrate and 
NADP as cofactor (B/NADP ALDH). As compared with rat liver and hepatoma cell 
lines, the response was moderate (maximally 5-fold). There was an apparent correlation 
between this specific form of ALDH and aryl hydrocarbon hydroxylase (AHH) in the 
Hepa-1 wild-type cell line-in terms of inducibility by several chemicals. However,, the 
magnitude of the response w;as clearly smaller for ALDH than for AHH, Southern blot 
analysis showed that a homologous gene (class 3 ALDH) was present in the rat and 
mouse genome. The gene was also expressed in Hepa-1 and there was a good correlation 
between the increase of class 3 ALDH-specific mRNA and B/NADP ALDH enzyme 
activity after exposure of the Hepa-1 cells to TCDD. It is concluded that class 3 ALDH is 
inducible by certain chemicals in the mouse hepatoma cell line, although the respective 
enzyme is not inducible in mouse liver in vivo. 

PMID: 1505055 [PubMed - indexed for MEDLINE] 





n 



91: Leuk Res. 2003 Dec;27(12):l 1 15-23. 



Related Articles. 



Links 



Relationship between cyclin Dl and p21(Wafl/Cipl) during differentiation 
of human myeloid leukemia cell lines. 

UHmannova V, Stockbauer P , Hradcova M , Soucek J , Haskovec C . 

Department of Molecular Genetics, Institute of Hematology and Blood Transfusion, U 
Nemocnice 1, 128 20 Prague 2, Czech Republic. ullman@uhkt.cz 

Expression of cell cycle-regulating genes was studied in human myeloid leukemia cell 
lines ML-1 , ML-2 and ML-3 during induction of differentiation in vitro, 
Myelomonocytic differentiation was induced by phorbol ester (12-o-Tetradecanoyl- 
phorbol-1 3 -acetate, TP A), tumor necrosis factor alpha (TNFalpha) or interferon gamma 
(INFgamma), or their combination. Differentiation (with the exception of TNFalpha 
alone) was accompanied by inhibition of DNA synthesis and cell cycle arrest. Inhibition 
of proliferation was associated with a decrease in the expression of cdc25A and cdc25B, 
cdk6 and Ki-67 genes, and with increased p21(Wafl/Cipl) gene expression, as measured 
by comparative RT-PCR. Expression of the following genes was not changed after 
induction of differentiation: cyclin Al, cyclin D3, cyclin El and p27(Kipl). Surprisingly, 
cyclin Dl expression was upregulated after induction by TP A, TNFalpha with 
IFNgamma or BA. Cyclin D2 was upregulated only after induction by BA. The results of 
the expression of the tested genes obtained by comparative RT-PCR were confirmed by 
quantitative real-time (RQ) RT-PCR and Western blotting. Quantitative RT-PCR showed 
as much as a 288-fold increase of cyclin Dl specific mRNA after a 24h induction by 
TP A. The upregulation of cyclin Dl in differentiating cells seems to be compensated by 
the upregulation of p2l(Wafl/Cipl).These results, besides others, point to a strong 
correlation between the expression of cyclin Dl and p21(Wafl/Cipl) on the one hand 
and differentiation on the other hand in human myeloid leukemic cells and reflect a rather 
complicated network regulating proliferation and differentiation of leukemic cells. 
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Intestinal carbamoyl phosphate synthase I in human and rat Expression 
during development shows species differences and mosaic expression in 
duodenum of both species. 

Van Beers EH, Rings EH, Posthuma G . Dingemanse MA. Taminiau JA . Heymans 
HS, Einerhand AW , Buller HA , Dekker J . 

Pediatric Gastroenterology and Nutrition, Department Pediatrics, Emma Children's 
Hospital], Academic Medical Center, Amsterdam, The Netherlands. 

The clinical importance of carbamoyl phosphate synthase I (CPSI) relates to its capacity 
to metabolize ammonia, because CPSI deficiencies cause lethal serum ammonia levels: 
Although some metabolic parameters concerning liver and intestinal CPSI have been 
reported, the extent to which enterocytes contribute to ammonia conversion remains 
unclear without a detailed description of its developmental and spatial expression 
patterns. Therefore, we determined the patterns of enterocytic CPSI mRNA and protein 
expression in human and rat intestine during embryonic and postnaital development, using 
in situ hybridization and immunohistochemistry. CPSI protein appeared during human 
embryogenesis in liver at 31-35 e. d. (embryonic days) before intestine (59 e.d.), whereas 
in rat CPSI detection in intestine (at 16 e.d.) preceded liver (20 e.d.). During all stages of 
development there was a good correlation between the expression of CPSI protein and 
mRNA in the intestinal epithelium. Strikingly, duodenal enterocytes in both species 
exhibited mosaic CPSI protein expression despite uniform CPSI mRNA expression in the 
epithelium and the presence of functional mitochondria in all epithelial cells. Unlike rat, 
CPSI in human embryos was expressed in liver before intestine. Although CPSI was* 
primarily regulated at the transcriptional level; CPSI protein appeared mosaic in the 
duodenum of both species, possibly due to post-transcriptional regulation. 
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Malignant transformation of the human endometrium is associated with 
overexpression of lactoferrin messenger RNA and protein. 

Wahner DiC Padin CJ, Wroaa MA , Healv BE , Bentley RC Tsao MS, Kohier MF . 
McLachlaa JA , Gray KD . 

Department of Obstetrics and Gynecology, Duke University Medical Center, Durham, 
North Carolina 27710. 

In the mouse uterus, lactoferrin is a major estrogen-inducible uterine secretory protein, 
and its expression correlates directly with the period of peak epithelial cell proliferation. 
In this study, we examine the expression of lactoferrin mRNA and protein in human 
endometrium, endometrial hyperplasia and adenocarcinomas using 
immunohistochemistry, Western immunoblotting, and Northern and in situ RNA 
hybridization techniques. Our results reveal that lactoferrin is expressed in normal 
cycling endometrium by a restricted number of glandular epithelial cells located deep in 
the zona basalis. Two thirds (8 of 12) of the endometrial adenocarcinomas examined 
overexpress lactoferrin. This tumor-associated increase in lactoferrin expression includes 
an elevation in the mRNA and protein of individual cells and an increase in the number 
of cells expressing the protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in lactoferrin. We also observe distinct 
cytoplasmic and nuclear irhmunostaining patterns under different fixation conditions in 
both normal and malignant epithelial cells, similar to those previously reported in the 
mouse reproductive tract. Serial sections of malignant specimens show a good correlation 
between the localization of lactoferrin mRNA and protein in individual epithelial cells by 
in situ RNA hybridization and immunohistochemistry. Although the degree of lactoferrin 
expression in the adenocarcinomas did not correlate with the tumor stage, grade, or depth 
of invasion in these 12 patients, there was a striking inverse correlation between the 
presence of progesterone receptors and lactoferrin in all 8 lactoferrin-positive 
adenocarcinomas. In summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed with menstruation and is 
frequently overexpressed by progesterone receptor-negative cells in endometrial 
adenocarcinomas. 
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[Expression of human telomerase reverse transcriptase in cervix cancer 
and its significance] 

[Article in Chinese] 

XiL / Zhu T, WuP, Xu Q, Huang L- Li KZ, LuYP, Ma D . 

Department of Obstetrics and Gynecology, Tongji Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, Wuhan 430030, China. 

OBJECTIVE: To investigate the expression of human telomerase reverse transcriptase 
(hTERT) mRNA and protein in cervix cancer, cervical intraepithelial neoplasia (CIN) 
and normal cervix. METHODS: Expression of hTERT mRNA and the other two subunits 
of telomerase, human telomerase RNA component (hTR), human telomerase-associated 
protein (hTPl) was determined by RT-PCR in 3 cervix cancer cell lines, 2 diploid cell 
lines, 38 cases of cervix cancer, 16 cases of CIN and 20 cases of normal cervix. 
Telomerase activity was also examined by telomeric repeat amplification protocol 
enzyme-linked immunosorbent assay (TRAP-ELISA). Expression of hTERT protein was 
detected in all the cell lines and 101 cases of paraffuuzed cervix tissue sections. 
RESULTS: hTERT mRNA expression was detected in all of the three cervix cancer cell 
lines, 81.6% of cervix cancer, 37.5% of CIN, 5.0% qf normal cervix, while in neither of 
the two diploid cell lines. The other two subunits of telomerase were prevalently 
expressed in all of the cell lines and most cervix tissues. There was a strong correlation 
between hTERT mRNA expression and telomerase activity, bnmunostaining also 
revealed that hTERT protein was expressed in all three cervix cancer cell lines, 65.5% of 
cervix cancer, 28.0% of CIN and 4.8% of normal cervix. CONCLUSION: Up-regulation 
of hTERT may play ah important role in the development of CIN and cervix cancer, 
hTERT could be used as an early diagnostic biomarker for cervix cancer. 
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Down-regulation of prostate-specific antigen expression by finasteride 
through inhibition of complex formation between androgen receptor and 
steroid receptor-binding consensus in the promoter of the PSA gene in 
LNCaP cells. 

Wang LG , Liu XML Kreis W, Budman DR . 

Department of Medicine, New York University, Manhasset 1 1030, USA. . 

As a specific competitive inhibitor of Salpha-reductase, an intracellular enzyme that 
converts testosterone to dihydrotestosterone, finasteride is being extensively used for the 
treatment of benign prostatic hyperplasia and in experimental settings for prostate cancer. 
In this study, we showed that finasteride markedly inhibited prostate-specific antigen 
(PSA) secretion and expression. The promoter of the PSA gene contains several well- 
known cis-regulatory elements. Among them, steroid receptor-binding consensus (SRBC) 
has been identified as a functional androgen^-responsive element Our previous study 
showed that PSA was not only present in conditioned medium of the PSA-positive 
LNCaP cells but was also detectable in small amounts in PSA-negaitive cell lines, PC-3 
and DU-145 (L. G. Wang et al., Oncol. Rep., 3: 911-917, 1996). A strong correlation 
between binding of nuclear factors to SRBC and the level of PSA present in the 
conditioned medium and cell extracts was found in these three cell lines, whereas no such 
correlation with binding was obtained using Spl oligonucleotide as a probe. Binding of 
LNCaP cell nuclear proteins to SRBC was diminished when the cells were exposed to 25 
microM finasteride, at which concentration 50% of both PSA mRNA and protein were 
inhibited. As a major component of DNA-protein complexes, the level of androgen 
receptor was dramatically decreased in the cells treated with finasteride. Our data indicate 
that inhibition of complex formation between SRBC and nuclear proteins due to the 
remarkable decrease in the level of androgen receptor plays a key role in the down- 
regulation of PSA gene expression by finasteride in LNCaP cells. 
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Expression of calcyclin in human raelanocytic lesions. 



Weterman MA . van Muijen GN . Bloemers HP. Ruiter DJ . 



Department of Biochemistry, University of Nijmegen, The Netherlands. 

When comparing two subsequent stages of melanocyte tumor progression we identified 
calcyclin as a new potential progression marker, the expression of which was correlated 
with metastatic behavior of various human melanoma cell lines in nude mice. In this 
study, we describe a good correlation between RNA and protein levels in the xenografts 
of these cell lines and extended these experiments to a panel of 120 routinely processed 
human melanocyte cutaneous lesions. Northern blot analysis demonstrated that calcyclin 
RNA expression was elevated in melanoma metastases as compared to several types of 
nevocellular nevi. Calcyclin staining using a specific polyclonal antiserum showed a 
more complex pattern. A stronger staining in a higher percentage of positive cells was 
observed in thick primary melanoma (> or = L5 mm) as compared to thin primary 
melanoma (< 1.5 nun). Calcyclin expression was also present in a higher percentage of 
cells showing a stronger staining in melanomas with tughef Clark levels (> II) 
corresponding to the vertical growth phase of primary melanomas. Protein expression in 
nevocellular nevi was confined to the dermal part and was highest in the lower parts of 
the dermis. Remarkably, dysplastic nevi (atypical moles), potential precursors of 
melanoma, did not show any expression at all, either in junctional or dermal parts. 
Confinement of the expression to the dermal part of nondysplastic nevi and primary 
melanomas may reflect interactions with the microenvironment of the reticular dermis 
that occurs with vertical growth. 
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Severely decreased MARCKS expression correlates with ras reversion but 
not with mitogenic responsiveness. 

Wojtas zck PA ; Stumpo D.| , Blackshear PJ . Macara IG . 

OsTaf" 16 " 1 ° f Path ° logy ' Universit y of Vermont College of Medicine, Burlington 

Phorbol ester-inducible phosphorylation of MARCKS, the *80-kDa' substrate of protein 
kinase C, was undetectable in several phenotypically dominant, non-transformed 
revertants independently derived from the ras-transformed cell line NIH3T3 DT-ras 
Extremely low expression of MARCKS protein accounted for this apparent lack of 
phosphorylation. MARCKS-encoding mRNA levels were correspondingly decreased 
relative to normal and ras-transformed cells in all four ras revertant cell lines studied: C- 
1 1 and F-2, derived by 5-azacytidine treatment and selection with ouabain; CHP 9CJ, 
derived by ethylmethane sulfonate mutagenesis and selection with cis-hydroxy-L-pro'line- 
and 12-V3, derived by transfection with the human Krev-1. gene. However, regression 
of MARCKS after transfection of a cloned MARCKS cDNA into the C-l 1 ras revertant 
cells was not sufficient to induce retransfoimation. In fact, no significant difference in 
sensitivity to mitogenic stimulation by phorbol esters.was observed among several cell 
lines expressing widely varying levels of MARCKS. This evidence argues against a 
direct role for MARCKS in mitogenic signaling. However, the strong correlation between 
attenuation of MARCIS expression and phenotypically dominant ras reversion suggests 
that a common negative regulatory mechanism might be responsible for both effects 
presenting a potentially useful strategy for identifying factors involved in transducing the 
ras signal. 
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Malignant Transformation of the Human Endometrium Is Associated with 
Overexpression of Lactoferrin Messenger RNA and Protein 

David K. Walmer, 1 Cheryl J.'Padin, Mark A. iVrona, Bridget E. Healy, Rex C. BeDtley, Ming-Sound Tsao, 
Matthew F. Kohler, John A. McLachlan, and Karen D. Gray 
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ABSTRACT 

1b the mouse uterus, lactoferrin is a major estrngen-indudble uterine 
secretory protein, and its expression correlates directly with the period of 
peak epithelial cell proliferation. In this study, we examine the expression 
of lactoferrin mRNA and protein in human endometrium, endometrial 
hyperplasias, and adenocarcinomas using iromunohfctochernistry, West- 
ern imrounoblolting, and Northern and in situ RNA hybridization -tech- 
niques. Our results reveal that lactoferrin is expressed in normal cycling 
endometrium by a restricted number of glandular epithelial cells located 
deep in the zona basahs. Two thirds (8 of 12) of the endometrial adeno- 
carcinomas examined over express lactoferrin. This tumor-associated in- 
crease in lactoferrin expression includes an elevation In the mRNA and 
protein of individual cells and an increase In the number of cells express- 
ing the protein. In comparison, only 1 of Ihe 10 endometrial. hj'perplasia 
specimens examined demonstrates an increase in lactoferrin. We also 
observe distinct cytoplasmic and nuclear immunoslaining patterns under 
different fixation conditions in both norma) and malignant epithelial cells, 
similar to those previously reported in the mouse reproductive tract 
Serial sections of malignant specimens show a good correlation between 
the localization of lactoferrin mRNA and protein in individual epithelial 
cells by in situ RNA hybridization and immun ©histochemistry Although 
the degree of lactoferrin expression in the adenocarcinomas . did not 
correlate with the tumor stage, grade, or depth of invasion in these 12 
patients, there was a striking inverse correlation between the presence of 
progesterone receptors and lactoferrin in all 8 lacioferrin-positive adeno- 
carcinomas. In summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed with menstru- 
ation and is frequently over expressed by progesterone receptor-negative 
cells in endometrial adenocarcinomas. 



INTRODUCTION 

The uterus is a sex steroid-responsive organ that plays a major role 
in women** health. Hysterectomies weie the most frequently per- 
formed major surgical procedures in a 20-year study interval 
(1965-1984; Ref. 1). Fifty-eight to 80% of these I2_5 million 
procedures were performed foi estrogen-related disorders of prolifer- 
ation. Chronic unopposed estrogen exposure, roost commonly asso- 
ciated with type 11 ovulatory disorders, eventually leads to the devel- 
opment of complex endometrial hyperplasia and adenocarcinoma. 
Since the sex steroids, estrogen and progesterone, act on their target 
tissues by regulating the expression of a wide variety of signaling 
molecules, identifying these regulatory factors will provide critical 
information towards understanding normal reproduction and repjo- 
ductive tract pathology. Our current knowledge of estrogen and pro- 
gesterone action on the reproductive tract is based to a great extent on 
information collected from rodents (2). Although differences exist 
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31-49). and auophic endometrium was obtained from 7 postmenopausal 
women (ages 64-77). Hysterectomies from cycling women were performed 
Xoi subserosal leiomyomas (n = 6). pelvic relaxation (n = 8), pelvic paw 
(n - 4), peritoneal endometriosis (n ~ 2), and cancer of either the exocervn 
(n = 1) oj the ovary (n - )). In addition, 12 adenocarcinomas, 3 atypical 
complex hyperplasias, 3 complex hyperplasias without atypia, and 4 simple 
hyperplasias were analyzed. Each human uterus was bivalved shortly after 



between the reproductive physiology of rodents and humans, the 
mouse has been a useful model for studying steroid hormone action is 
the human female reproductive tract (3, 4). One potential regulatory 
molecule shown to be regulated by estrogen in the mouse reprodnctivt 
tract is lactoferrin. Ixaofenin is a basic glycoprotein with an extraor- 
dinarily high affinity for iron that was originally discovered in milk. 
This protein is expressed in a wide variety of tissues, most notably in 
polymorphonuclear leukocytes and most mammalian exocrine glan- 
dular secretions. In the mammary gland (5) and the female reproduc- 
tive tract of the mouse (6-8), ladofenin is regulated by endocrine 
hormones. Prolactin stimulates lactoferrin synthesis in the breast; 
whereas in the uterus and vagina, the ovarian scot steroid, 170- 
estradiol, is the inducer. {6, 7 F 9). To date, lactoferrin is one of the few 
genes that have beefi identified in the rodent that are directly regulated 
by estradiol. The lactoferrin gene contains an ERE 2 that is important 
for. regulating its expression in vivo in the mouse reproductive trad 
Being linked to estradiol, the expression of lactoferrin by the uterine 
epithelium parallels the onset of DNA synthesis. Although sequencing 
information suggests that the human lactoferrin gene also contains a 
functional imperfect ERE in the 5 '-flanking promoter region (10, 11\ 
there is very little data regarding Jacioferrin expression in the human 
female reproductive tract. 

The purpose of our study was to examine the expression of lacto- 
ferrin in the human endometrium under normal and pathological 
conditions by iirunUDohistochemistry, immunoblotting, and Northern 
and in situ RNA hybridization techniques. In addition, we looked for 
correlations between lactoferrin expression and several parameters, 
such as the stage of the menstrual cycle, the distribution of estrogen 
and progesterone receptors, HER-2/ne« expression, markers of cell 
proliferation, and the histopathological gtade and extent of myome- 
trial invasion in the adenocarcinomas. Our data demonstrates that 
lactoferrin is expressed in a very restricted number of glands in the 
basal region of normal human endometrium and is markedly overex- 
pressed in a significant number of the uterine adenocarcinomas by 
PR-negative cells. 



MATERIALS AND METHODS 

Tissue Preparation end Histological Evaluation. Surgical pathology 
specimens were obtained from Duke University Medical Center (Durham, NQ 
and the Department of Pathology at MonUeal General Hospital (Ouebcc. 
Mo2i;ea), Canada). Cycling endometrium was obtained from 22 women (age? j 
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hysterectomy, and endometrium was removed from the fundal region. A full 
thickness biopsy was placed into either 10% neutral-buffered forma] in or 
j^ouin's solution overnight at roam temperature before dehydration, paraffin 
embedding, and sectioning at 4 /im on silanized slides. Histological evalua- 
lions of hematoxylin and cos in-stained slides were performed blindly by one 
board-certified pathologist Normal endometrial samples were dated by the 
criteria of Noyes et oL {12). Endometrial hyperplasias and carcinomas were 
classified 'according to the current recommendations, of the Internationa) 
Society of Gynecological Pathologists under the auspices of WHO (13). 
Histological grading of tumors was performed according to Federation Inter-, 
rationale des Gynecologist es et Obstetristes criteria (34). Each specimen was 
jtad a minimum of three limes, and only specimens that were read consistently 
the same way were included in the study. Unstained sections of the same 
ussues wcie used f oi the cytochemical analysis of piotcin and mRNA expres- 
sion using specific reagents. A few endometrial samples were frozen for 
subsequent protein and RNA extraction, which were evaluated by Western and 
Northern blotting, respectively. All human tissues were handled with the 
precantions and the guidelines required by Duke University and National 
Institute of Environmental Hearth Sciences. 

Imrounolocaliiation. Slides chosen for study were deparaffinized and 
rinsed in 20% glacial acenc acid at 4*Cfor 15 s to inhibit endogenous alkaline 
phosphatase. All subsequent incubations and washes were at room tempera- 
ture. Sections were next equilibrated in PBS for 20 min and incubated for 20 
ruin with 15% normal goat serum diluted in PBS to block nonspecific binding. 
Detection of lactoferrin was performed primarily with a rabbit anti-human 
lactoferiin polyclonal antisera generated in our laboratory and affinity purified. 
Similaj results were also seen with a nonaffiniry-purified commercial antisera 
(Biogtnex, San Ramon, Ca). Following incubation at room temperature witb 
primajy antisera for 60 min, the sections were washed in PBS twice for 10 min 
each, and lactoferrin was localized using an alkaline phosphatase-biotin- 
stieplavidin detection system (Vectastain ABC- AP kit: Vector Laboratories, 
Burlingame, CA; or the Super Sensitive Detection System:, Biogenex, San 
Ramon, CA). To identify nonspecific staining, preimrrrune rabbit serum was 
used in place of the primary antibody. The iuununoreaction was quantitated by 
determining the percentage of glands and the perceniage of cells siaining for 
lactoferrin in the zona basalis and the aona functionalis, with a minimum of 
300 cells counted in each region. PR antibody was provided by Geoffrey 
Gjeenc (KD68), and a commercial source was also used (Biogenex, San 
Ramon, CA). Identical staining patterns were confirmed with both prepara- 
tions. Other commercially obtained a mis era include PCNA (Biogenex, San 
Ramon, CA\ ER (EJUD5; AMAC, Wcstbrook, Ma), M1B-1 (AMAQ, and 
HER-2/n£« (Biogenex, San Ramon, CA). The primary antisera incubations 
were 2 h for the PR, 3 b for PCNA. M1B-1, and ER, and 30 min for 
HER-27neu. Antisera dilutions were 3:100 for M1B-1 and 1:20 for HER-2/new. 
Antigen retrieval (Biogenex, San Ramon, CA) was performed before adding 
the progesterone primary antisera. 

Western BJot Analysis. Proteins were extracted from endometrial biopsies 
by homogenization on ice in }% Trhon-X and 20 ulm Tris-HO (pH 7.4) with 
piotease inhibitors (30 jLgfml leupepihx 200 KU/m| aprotinin, and 20 p-g/ml 
phenylmetbylsnlfonyl Duoride) and clarified by centrifugal ion at 45,000 rpm 
for 30 min in a Beckman 70.3 Ti roior: then the supernatant was analyzed for 
protein concentration by the BCA protein assay (Pierce, Rockford, IL). Ali- 
quots of 200 /ig were separated by electrophoresis on an 8_5% SDS polyac- 
rylamide gel, blotted onto niiioceDulose membranes, incubated with poly- 
clonal rabbit anlihuman Iscioferrin antisera, and localized with an >?5 MabeIcd 
donkey anti-rabbit immunoglobulin, as described previously (7). 

In Siru Hybridization- Al J slides were pre treated with 02 N HQ for 30 
nun at room lemperarure, digesied with 1 /ig/ml proteinase-K (Sigma Chem- 
ical Co. St. Louis, MO) in 0.3 M Tris-HCi (pH 7.4VO.05 w EDTA for 15 min 
ai37*C, and then treated witb 0.1 M niethanolamine-0.25% acetic anhydride 
for 5 min at room temperature and 0.3 M TYis-gJyeine (pH 7.4) for 30 min at 
room temperature. The sections were subsequently dehydrated with graded 
ethano), air dried, and preby bridged at 50"C for 3 b in 2 x SSC 10 niM DTT, 
5 X Denhardt's solution, 100 jie/ml of both salmon sperm DNA and yeast 
iRNA, and 50% fprmamide (15). The slides were tben hybridized overnigbi at 
^0*C in the same medium with 30% dextran sulfate and 2X30* cptn/^} of tbe 
specific RNA probe. The lactoferrin oligonucleotide probe was amplified by 
PCR using primers that spanned nucleotides 73 8-3654 (30) and cloned into 
pGEM-42. ^S-labeled sense and antisense RNA probes were made with tbe 
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Promega Riboprobe kit (Promega, Madison, Wi), washed twice in IX SSC tor 
10 min at room temperature, digested with RNase [2.8 >g/ml RNase-A, 03 
Hg/ml RNase-Tl, 10 mM Tris-HO (pH 7.4> and 15 mM Nad], and washed 
again with 1 x SSC twice for 20 min each time at 50°C, twice for 2) in 
0.1 X SSC at 55°C, and once for 20 min at 60°C The sections were tben 
dehydrated and dipped^ in Kodak autoradiographic emulsion (NTB-2) for 
. detection of specific mRNA expression. Tbe slides were allowed to develop for 
2 weeks. After this period; the slides were developed using Kodak P19 
developer and Kodak Rapid Fixer. 

Northern RNA Analysis. Total cellular RNA was purified from frozen 
tissue by the guamdine isomibcyanate-cesium chloride method, and poly(A*)- 
RNA was isohled by ol^o(dT)-cellulose chromatography using methods 
described previously (15). For Northern blot analysis, pory(A">.RNA "was 
resolved by electrophoresis on 13% formaldehyde agarose gels, stained with 
ethidium bromide, and transferred to a nylon membrane. The membrane was 
probed with a ^P-labeled lactoferrin cDNA derived from human uterus (nu- 
cleotides 718-1654; accession no S52659) using PCR techniques, followed 
by cloning into pGEM-42 (Promega, Madison, WI). In order to insure that tbe 
quality and quantity of RNA analyzed by Northern blotting was equivalent 
between control and treated groups, the blot was probed simultaneously for 
. glyceraldehyde-S-pbosphate dehydrogenase. 
. Statistical Analysis. Values are presented as means ± SIX Differences 
between the zona basalis and functionalis were tested by the two-taDed 
Student's r test - 

RESULTS 

Immunohistochemical Analysis of lactoferrin Protein 

Normal Cycling Endometrium. ImmuiK>histochejnical studies of 
normal cycling human endometrium localize lactoferrin protein pre- 
dominantly to ihe glandular epithelium deep in the zona basalis and 
not to the functionalis (Fig. \A > The association of lactoferrin protein 
expression with the zona basalis is statistically significant. (P < 0.001; 
Fig. 2). Two to 56% of the glands express lactoferrin at any given time 
during the menstrual cycle. Within positive glands, lactoferrin protein 
immunolocalizaljon is heterogeneous in that positively staining epi- 
thelial cells are interspersed with cells negative for lactoferrin expres- 
sion. No apparent differences in morphology, PCNA, ER, or PR 
expression are seen to account for the heterogeneous pattern of intra-: 
and intejgland lactoferrin expression in normal endometrium. Similar 
to our previous findings in mouse uterine epithelial cells, tbe positive- 
staining glandular cells of the human endometrium demonstrate two 
distinct iromunostaining patterns for lactoferrin, cytoplasmic and nu- 
clear {Fig. 1B% seen, with both formalin and Bouin's fixation. In 
evaluating the temporal expression of lactoferrin, there is a trend 
towards more glands expressing lactoferrin during tbe secretory 
phase. Because of the large variance, the trend is not statistically 
significant. As expected, the polymorphonuclear leukocytes in the 
endometrium also stain intensely for lactoferrin protein, which is 
stored in their secondary granules (Fig. 3). Tnese results demonstrate, 
for the first time, that lactoferrin protein is expressed in the human 
. endomeuiurn predominately by polymorphonuclear leukocytes and 
epithelial cells of glands located deep in tbe zona basalis. 

Proliferative Endometrial Disorders: Hyperplasias and Adeno- 
carcinomas. lmmunohistochemisiTy reveals that tbe expression of 
Jariofmin rvtfrin is increatsttJ in 66.6% (8 of 32) nf Ibe endometrial 
adenocarcinomas examined. In one-half of these cases (4 of 32), 
laciofenin is intensely expressed by malignant epithelial cells 
throughout the entire tumors (Fig. 4). The other four adenocarcinomas 
demonstrate increased staining for lactoferrin in concentrated regions 
of the rumors. In all eight cases where lactoferrin expression is 
elevated, the cells expressing lactoferrin have one similarity witb 
normal positive glands in that tbey demonstrate heterogeneous stain- 
ing of interspersed positive and negative cells. However, the expres- 
sion of lactoferrin by the malignant cells clearly differs from normal 
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Fit- J. Localisation of J*aoftrrin protein in normal cycling endometrium by iramn- 
* nobistoefctroistrj wing 3 specific polyclonal antibody. Oar analysis reveals thai Jactof- 
emo prolan is present* in * limited number of glands located in the zona basalis of the 
endometrium (A)[ X 10. Also, note that Iactofcrrin is bcterqgeocoos within positive 
g lands, £.#„ cells staining for lactofenin are inlenpersed with negaiive-siaining cpiibclia) 
cells throBghool lhe gland. Two immum>h)5iocbcmicaJ staining pB items arc noted for 
lactofenin i» normal citrine epithelium. In one pattern, lactoferrin protein is imrouncdo- 
calizcd primarily over the cytoplasm (BJ\ and in the other, tbe staining is seen over the 
nuclens (B2); X 40. 



positive glands in that tbe lactoferrin is not limited to the basal regions 
of the tumors, many rooie ceDs are positive, and tbe relative intensity 
of the staining over individual cells is increased.' Although increased 
lactofenin expression is associated with malignant transformation, we 
do not find a con elation between lactofenin protein presence and the 
siage, nuclear grade, Federation Internationale des Gynecologistes et 
Obsietrisies grade,, or tbe depth of myorjoetriaJ invasion in the 12 
tumors studied (Table 1). In sharp contrast to the common dysregu- 
lation of lactoferrin expression found id the malignant endometrium, 
only 1 of 10 endometrial hyperplasia specimens evaluated contained 
an increased number of cells staining for lactoferrin. The hyperplastic 
specimen over expressing lactoferrin was read as complex without 
atypia. 

In Situ and Northern Analyses of Lactoferrin mRNA 
Expression in Normal and Malignant Endometrium 

To fun her our understanding of the location of lactoferrin protein 
synthesis in the human endometrium, we examined lactofenin mRNA 
expression by in situ and Northern hybridisation using specific 33 S- 
labcled probes for human lactoferrin. No delectable RNA hybridiza- 
tion is observed in lhe normal endometrium by in siw hybridization, 
even in lhe pjesence of iromunodeiectable protein, usins equivalent 
hybridization conditions and development times as used for tbe ade- ' 
nocarcinomas. Consistent with the results obtained by in situ hybrid- 
ization, long exposure tiroes were, required to demonsiraie lactofenin 
mRNA in normal endometrium by Northern blot using poJy(A + )- 
mRNA. This indicaies that lacioferrin mRNA is preseni in norma) 
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tissue but in very low levels, consistent with the very limited pattern 
of protein expression in normal endometrium. Equivalent RNA load- 
ing and quality for each specimen was demonstrated by emidjurn 
bromide staining of the RNA gels (data not shown) and by probing for 
the housekeeping gene glyceraldebyde-3-phosphate dehydrogenase 
that does not fluctuate significantly with the metabolic state of the 
tissue. A representative Northern blot is shown in Fig. 5. In situ 
hybridization with several adenocarcinomas reveals that there is a 
direct correlation between the localization of lactoferrin mRNA and 
the immunbstaining of expressed lactoferrin protein (Tig. 4). Lactof- 
errin mRNA is not associated with polymorphonuclear leukocytes by 
* in situ hybridization in either normal or malignant tissue. • 

Western Blot Analysis 

To confirm the specificity of tbe antisera that we used for immt*. 
homsiocneroJSTry, we perfbrmeJ Western blot anafysrs on proteins 
extracted from both normal and malignant endometrium which were 
separated by Z5% SDS-polyacrylamide gel electrophoresis (Fig. 6), 
Iromunoblotting identified a single broad protein band with a molec- 
ular weight between 70,000-80,000 in both normal and neoplastic 
endometrial tissue bomogenates, consistent with tbe reported molec- 
ular weight of human lactoferrin. Supporting the irnroiiJK>cytocl>emi- 
cal analysis, a representative immunoblot clearly demonstrates that 
tbe proportion of protein ihat is lactoferrin is markedly increased in 
tbe adenocarcinomas in comparison to the normal endometrium. The 
molecular weight of lacioferrin in the adenocarcinomas appears to 
have a slightly higher molecular weight that the predominant form in 
normal tissue. 
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Fig. 2. Percentage of endorotiriat eland* ejpr casing lactoferrir* protein by irnmt>w> 
hisiocbemistrv. Significantly more glands arc positive in the region of the zooa basalo 
than in the zona functionalis of tbe endomcnruni (P < 0.00J). Zona basaJis* »; j 
functionab's, 63. Although ibeie b a ueod towards snort ol the basalis glands exprc.wn£ j 
lactofenin in the stotiory phase (right ■ compared with the left ibis vas not 
statistically significant. I 
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JFi& 3. Polymorphonuclear leukocytes (crravj) art scarier td ihrougboui the endome- 
trium and siain imcnsely for bciolenin. JLaaoferrin is s known component of tbc 
secondary granules in polymorphonuclear Jcukocyits. Tbt presence of a segmented 
nucleus and lacioferrrD protein b »n excellent method for identifying this group of 
inflammatory cells. A. X 20. fl, X SO. 



Correlation of Lactoferrin Expression with the Expression of 
PCNA, Ki-67, HER-2/nru, ER, and PR 

In an attempt to characterize the p he no type of endometrial celts 
which express Jactofenin, we performed immunohistocbemistry on 
serial sections for the Ki-67 antigen, PCNA, HER-2/ncu, lactofenin, 
ER, and PR. In normal tissue, Ki-67 and PCNA expiession are cell 
cycle- specific markers of cell proliferation (36, 17). Upon analysis of 
normal cycling endometrium, no relationship between lactofenin pro- 
tein expression and ER, PR, or Ki-67 expression was observed. 
Similarly, id roost, of the adenocarcinomas evaluated, no relationship 
was noted between lactoferrin and PCNA protein expression. How- 
fvei, in one adenocarcinoma (Fig. 7), there was a deal inverse 
itlationship seen between Jactofenin and PCNA localization, which 
was present ibroughout the entire tumoj. Most dramatic, however, was 
a striking inverse correlation seen between lactoferrin and PR expres- 
sion in 8 of 8 PR -positive uterine adenocarcinomas (Fig. 7). Two 
tumors negative for PR also did noi express lactoferrin. Although an 
inverse correlation was also suggested with HER-2Ai£i' and PR, (he 
iavcise correlation was more precise with lactoferrin in these tumors. 

DISCUSSION 

In the mouse uterus, Jaciorerrih is an estrogen- induced uterine 
secretory protein that is present throughout the epithelium (7), and it 
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ON IN ENDOMETRIAL CANCER 

is expressed concomitantly with epithelial cell proliferation. In con- 
trast to lactoferrin *s ubiquitous expression is the estrogenized mouse 
uterine epithelium, lactofenin protein is limited to glandular epithelial 
cells in the basal regions of normal human endometrium and usually 
to glands that were directly adjacent to tbc myometrium (ie,> the 
deepest glands of the zona basalis). This regional localization of 
lactoferrin expression is not surprising in that other biochemical 
parameters have been reported to show site specificity in primate 
endometrium. These parameters include the proliferative index and 
the expression of the secretory component of IgA (18). Similar to our 
observations in the endometrium, lactoferrin is also expressed region- 
ally in the mammary gland. In bovine breast tissue, lactoferrin is 
localized primarily to the basal alveolar cells (19); whereas in human 
breast tissue, the ductal epithelium appears to be the primary source of 
secreted Jactofenin during lactation (20). 

Examining the endometrium on different days of the menstrual 
cycle demonstrates a trend towards increased lactoferrin expression 
during the luteal phase. Although this data is not statistically signif- 
icant, the cyclic variation may be biologically relevant Kim ct aL (21) 
recently reported that the basal endometrial epithetial cells are unique 
because they proliferate during the postovulatory luteal phase. Inter- 
estingly, in the mouse uterus, there is a direct correlation between 
lactoferrin expression and epithelial cell proliferation (6). Therefore, 
lactoferrin may have a similar role in the human and mouse endome- 
trium. If lactoferrin expression is- cyclic, the ERE in the 5 '-flanking 
promoter region of the human lactoferrin gene may be activated 
during the luteal phase (10, 11). 

Another similarity between human and mouse uterine lactoferrin 
expression is the observation of two immunobistochemical staining 
patterns. In one pattern, the aniisera binds primarily over the cyto- 
plasm, and in the other, the nucleus is the primary site of localization. 
Although this could represent a fixation artifact, we have now ob- 
served this pattern in two species and under different fixation condi- 
tions. It has been demonstrated that signaling peptides, i.e., platelet- 
derived growth factor (22), Int-2 (23), and probasin (24), can be 
selectively directed into the nucleus, cytoplasm, or secreted. It is 
believed, that this differential processing may allow proteins to have 
intracrine, autocrine, and paracrine roles, depending on the physio- 
logical state of the cell. The two localization patterns observed suggest 
that, lactoferrin might have signaling sequences that direct the final 
destination of the mature peptide. 

In normal endometrium, Jactofenin mRNA is present bul in very 
low levels. Prolonged exposure times are needed to visualize the 
mRNA band with Northern analysis. Although with in siru hybrid- 
ization the lactoferrin mRNA signal is easily seen in adenocarcino- 
mas, we failed to localize the lactoferrin roRNA in normal endome- 
trium using an equivalent exposure lime. These low levels of mRNA 
in normal endometrium suggest that the synthesis and degradation of 
lactofenin mRNA is roOTe tightly iegulated in normal tissue than in 
the adenocarcinomas. Because of the low levels of message in normal 
tissue, we are unable at this time to definitively conclude that "lacto- 
fenin mRNA is synthesized by the same epithelial cells which express 
the protein. 

In endometrial adenocarcinomas, malignant transformation of the 
endometrium is associated with the up-regulation of lactofenin 
mRNA and protein biosynthesis. The up-regulation at the RNA level 
is demonstrated by an increase in steady-state RNA levels using both 
in siru hybridization and Northern analysis techniques. In these can- 
cers, we also observe an increase in the number of lactoferrin -positive 
cells, which express both the protein and mRNA. In this study, 8 of 
the 12 adenocarcinomas evaluated overexpress lactoferrin, compared 
with only 1 of 10 hyperplastic srxrimens. The form of lactofenin 
protein extracted from endometrial adenocarcinomas appears to have 
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Kg. 4. Colonization of lactoferrin protein {Up panels) and 
mRNA (hgfn panels) in a normal proliferative endometrium and 
cjidomt trial adenocarcinoma* by performing imrounofcistocbeniis- 
try and in situ UNA hybridization on serial sections. Dual analysis 
of prolan wjd mRNA expression reveals that gbmb in normal 
endometrium do dm have detectable mRNA, is measured by m situ 
hybridization (top jxmelr, X 40), whereas a ju lysis of the adeno- 
cardnomas dearly demonstrates a dirca correlation between pro- 
; lein and RNA expression to lactoferrin {middle and bottom panelr, 
X- 10). Note thai baofemo protein and roRNA i$ distributed in » 
heterogeneous paliere in the epithelial cells of the aiknocarcinomas. 
As is shown in Rg, 1, » heterogeneous staining pattern for laaof- 
crrin protein is also seen frequently fa normal endometrium. 
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a slightly higher m olccuJai weigh! than the protein present in normal 
tissue. This could be due to alterations in the processing of the 
lactoferrin mRNA, protein, oi glycosylation by the malignant cells. 
Alternatively, there could be minor differences between lactoferrin 
protein which is present in neutrophils and the form synthesized by 
uterine epithelial cells. We suggest two hypotheses to explain lactof- 
errin overexpressibn in endometrial adenocarcinomas. Ih the first 
hypothesis, lactoferrin biosynthesis is deregulated by the same pro- 
cesses that lead to the malignant transformation of endometrium. If 
this hypothesis, is true then lactoferrin may be a useful marker for 
endometrial adenocarcinoma investigation, and further research is 
needed to determine whether lactoferrin plays a contributing jole in 
the malignant transformation. A second hypothesis is that laaoferrin- 
positive human endometrial adenocarcinomas evolve from the clonal 
expansion of cells residing in the regenerative zone (2ona basalis) of 
normal endometrium. It is interesting to speculate that lactoferrin 
expression in endometrial cancer may be linked to estrogen action in 



some way, since proliferative disorders of human endometrium are 
linked to chronic estrogen exposure over several years and sequencing 
data suggests that the promoter for the human lactoferrin gene does 
contain an ERE: 

Although the function of lactoferrin is unknown, a variety of 
biological roles have been proposed for lactoferrin which could link 
this pTotein to a role in cancer, including the regulation of DNA 
synthesis (25-29), modulation of the immune response (25, 30, 31), 
and iron transport (32). Some forms of jactofenin are reported to have 
RNase activity (33, 34). Secreted RNases are involved in develop- 
ment, reproductive function, neoplasia, angiogenesis, and immune 
suppression. (35, 36) If angiogenesis and immunosuppression are 
components of lactoferrin RNase activity, these properties could pro- 
mote tumoT growth. 

In the endometrial adenocarcinomas, we observed a heterogeneous 
expression pattern for Jactofenin, PCNA* Her-2/new, ER, and PR 
With regard to prognosis, patient survival is reportedly worse when 



Tabic 1 Conelaiion of bewferrin and Pit expression in hitman endometrial adenocarcinomas 
An inveise correlation indicates Max bciolcrrin and pioKSierooc woe noi expressed in flit same rcckms of ihc lunKM by immunohisioc hernial analysis. PR w»s detected ^i*b the 
antiscra KD6S. and lBciofcrrin wis detected by a specific polyclonal aiwiscra. • ' 
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F>g.5. Nonbeni analysis of laeiofeiriD mRNA expression confirms thai endometrial 
adtnocarcioOTOBS (Lanes 3 and 4) significantly ovcrcxprtass ibe 2.5-kflobaSe uanscripi of 
human lactoferrin is comparison to normal endometrium (tones J and 2). Tbe Northern 
hybridization data supports the in sin RNA Ttsults and cxmfirnw that jDCtofezrin RNA 
expression is dysrcgulat-d in uterine adenocarcinomas. Norma) uterine tissues appeal to 
contain low steady-state RNA levels of lactoltrrin, refecting a controlled pattern of 
protein expression. Equivalent RNA loading «*d quality- for each specimen was demon- 
strated by ethidlom bromide staining of the RNA gels (data not shown) and by probing for 
a housekeeping gene (glyceraldehyde-3-phosphate dehydrogenase) that does not fluctuate 
significantly with the metabolic siate of the tissue. 



LACTOFEJLRIN DEREGULATION W ENDOMETRIAL CANCER 

endometrial adenocarcinomas Jose sex steroid receptors (37, 38), have 
a higher proliferative index (39), and demonstrate PNA aneuploidy. 
During the tumor progression of endometrial adenocarcinomas, it 
appears that the loss of steroid hormone receptors occurs eariieT than 
either the increase in proliferation rate or the development of DNA 
aneuploidy (40). In our study, we note a striking inverse correlation 
between the expression of lactoferrin and PR in the endomeirial 
adenocajcinomas. An inverse relationship also has been described for 
HER-Vneu and PR in endometrial adenocarcinomas thai correlates 
with patient prognosis. Furthermore, in cancers of the human endo- 
metrium, ovary and breast Btr-2/neu expression has been associated 
with advanced disease and poor survival (41-43). HER-2//** is an 
oncogene that shares sequence homology with tbe epidermal growth 
factor receptor and is speculated to contribute. to aberrant growth. Of 
note is that lactoferrin biosynthesis in the mouse uterus is associated 
with the expression of the epidermal growth factor, like HER-2/neu, 
the epidermal growth factor receptor is also frequently overexpressed 
in PR-negative cells of endometrial adenocarcinomas (44). Tbe am- 
plification of growth factor receptor expression in PR-negative endo- 
metrial adenocarcinomas may be associated with the acquisition of 
growth autonomy and hormone independence, which may contribute 
to the poorer prognosis of PR-negative endometrial cardnomas (45). 
Some endometrial adenocarcinomas, including recurrent tumors, can 
be treated successfully with progesterone therapy (46, 47). Although 
the significance of the inverse relationship between lactoferrin and PR 
expression is not known, we speculate that the PR-negative cells do 
not undergo the normal growth inhibition and secretory differenuatxm 
normally associated with progesterone action. 

A survey of human tissues reveals that lactoferrin is expressed by 
most normal mammalian exocrine glands and may be a prognostic 
marker in tumors (20). Lactoferrin is found in normal ductule breast 
epithelium and in primary breast carcinomas. In breast tumors, there 
is an inverse correlation between lactoferrin and ERs (20). Notably, 
lactoferrin expression in breast cancer may fall into the same category 
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. Fig. 6. Western Wot analysis using an antiserum 
speciBc for human latfofemD was performed on 
proteins extracttd how normal and milignant en- 
dometrium and separated by SDS-polyacrylaraide 
jel electrophoresis. A broad protein band with a 
molecular weight between 70,000 and 50.000 is 
detected in both normal and neoplastic endometrial 
tissue homogrriatES* consistent with the reported 
molecular weight ol hum 3D laetofenin M). Tbe 
most significant observation from the immunoblot - 
Ubj studies is thai laeioferrio protein is markedly 
elevaitd in ibe adenocarcinomas, in comparison to 
normal endometrium, which supports ibt irnimino- 
cytocStoicjJ analysis thai demonstrates ■ greater 
number of cells positive for lactoferrin protein in 
the uterine rumors. B. the relative amount of protein 
loaded in each lane by Coomassie blue staining. 
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lACTCFERSR* DYSJuSCHJLATJON D* ENDOMETRIAL CA»CER. 



Rg. 7. Correfcuon of laoofemn protein ejtprts- 
sjon with the PCNA, a marker of prolifcralkm, and 
PR as measured by immunohisiocheroistfy per- 
formed on serial sections; X 20. In most cases, do 
relationship between lactoferrin and PCNA expres- 
sion is found in tithe/ normal or malignant endo- 
meirfurn (data not shown). However, in 1 of 12 
>denocarcinamas» an inverse coneianon is seen 
between laaofenm (>*) and PCNA (£) localiza- 
tion. This suiting pattern was consistent through- 
out the entire rumor, suggesting the possibility of 
cell cyck regulation of Jactoferrit: expression in 
this adenocarcinoma. Tbt bottom ponth exhibit an 
inverse correlation between lactoferrin (C) and PR 
expression (D), which was seen in all eight endo- 
metrial adenocarcinomas which expressed PR. 
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as the other markers foi ER-negative rumors, such as amplification of 
EGF receptor, HER-2/neii, and transforming growth factor a expres- 
sion, which are associated with poor prognosis. In gastric carcinomas, 
lactofcrrin expression is associated with transformation of specific 
ceil types including intestinal- type carcinomas, adenomas, and incom- 
plete intestinal metaplasias (28). Although this is complete specula- 
tion at this rime, perhaps lactofcrrin over expression in the various 
malignancies may complement the actions of the growth factOT path- 
way molecules and contribute to the autonomous growth of these 
tumors. 

In conclusion, our studies reveal that lactoferrin is. associated 
with a unique population of epithelial cells in the zona basalis and 
that lactoferrin over expression may be associated with malignant 
transformation of the human endometrium. Further studies are 
needed to elucidate the role of lactoferrin in normal and patholog- 
ical endometrial physiology. 
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In this study, >ve examined yeast proteins by two-dimensional (2D) gel electrophoresis and gathered quan- 
titative information from about 1,400 spots. We found that there is an enormous range of protein abundance 
^ and, for identified spots, a good correlation between protein abundance, mRNA abundance, and codon bias. 
For each molecule of well-translated mRNA, there were about 4,000 molecules of protein. The relative 
abundance of proteins was measured in glucose and ethanol media. Protein turnover was examined and found 
to be insignificant for abundant proteins. Some phosphoproteins were identified. The behavior of proteins in 
. differential centrifugal ion experiments was examined. Such experiments with 2D gels can give a global view of 
the yeast proteome. ' K 



The sequence of the yeast genome has been determined (9). 
More recently, the number of mRNA molecules for each ex- 
pressed gene has been measured (27, 30). The next logical level 
of analysis is that of the expressed set of proteins. We have 
begun to analyze the yeast proteome bv using two-dimensional 
(2D) gels. 

2D gel electrophoresis separates proteins according to iso- 
electric point in one dimension and molecular weight in the 
other dimension (21), allowing resolution of thousands of pro- 
teins on a single gel. Although modern imaging and computing 
techniques can extract quantitative data for each of the spots in 
a 2D gel, there are only a few cases in which quantitative data 
have been gathered from 2D gels. 2D gel electrophoresis is 
almost unique in its ability to examine biological responses 
over thousands of proteins simultaneously and should there- 
fore allow us a relatively comprehensive view of cellular me- 
tabolism. 

We and others have worked toward assembling a yeast pro- 
tein database consisting of a collection of identified spots in 2D 
gels and of data on each of these spots under various condi- 
tions (2, 7, 8, 10, 23, 25). These data could then be used in 
analyzing a protein or a metabolic process. Saccharomyces 
cerevisiae is a good organism for this approach since it has a 
well-understood physiology as well as a large number of mu- 
tants, and its genome has been sequenced. Given the sequence 
and the relative Jack of introns in S. cerexnsiae, it is easy to 
predict the sequence of the primary protein product of most 
genes. This aids tremendously in identifying these proteins on 
2D gels. 

There are. three pillars on which such a database rests: (i) 
visualization of many protein spots simultaneously, (ii) quan- 
tification of the protein in each spot, and (iii) identification of 
the gene product for each spot. Our first efforts at visualization 
and identification for S. cerevisiae have been described else- 
where (7, 8). Here we describe quantitative data for these 
proteins under a variety of experimental conditions. 

MATERIALS AND METHODS 
Strains and media, S. cerevisiae W303 {MAT* ade2-1 his3-3J,}5 leu2-3, 1)2 
trphl ura3-l cani-)00) was used (26). - Mel YNB (yeast nitrogen base) medium 
was 1.7 g of YNB (Difco) per liter, 5 t of ammonium sulfate per liter, and 
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adenine, uracil, and all amino acids except methionine; -Met.-Cys YNB me- 
dium was the same but without methionine or cysteine. Medium was supple* 
men ted with 2% glucose (for most experiments) or with 2% ethanol (for ethanol 
experiments). Low-phosphate YEPD was described by Warner (23). 

I sot o pic labeling of yeast and preparation of cell extracts. Yeast strains were 
labeled and proteins were extracted as described by Garret et al. (7, 8). Briefly, 
cells were grown to 5 x 10 6 cells per ml. at 30°C; 1 ml of culture was transferred 
to a fresh tube, and 03 mG of [ 35 S]methionine (e.g., Express protein labeling 
mix; New England Nuclear) was added to this 1-fnl culture. The cells were 
incubated foT a further 10 to 15 min and then transferred to a 1.5-ml microcen- 
trifuge tube, chilled on ice, and harvested by cent rifugat ion. The supernatant was 
removed, and the ceD pellet was resuspended in 100 uJ of lysis buffer (20 mM 
. Tris-HQ [pH 7.6], 10 mM NaF, 10 mM sodium pyrophosphate, 0.5 mM EDTA, 
0.1% deoxycholate: just before use, phenylmethyrsulibnyl fluoride was added to 
1 mM, leupeprin was added to 1 fxg/ml, pepstatin was added to 1 M-g/ml, tosyl- 
sulfony! phenylalanyl chlotomethyl ketone was added to 10 u.g/ml, and soybean 
trypsin inhibitor was added to 10 p-g/ml). 

The resuspended. cells were transferred to a screw-cap 1.5-ml polypropylene 
tube containing 0.28 g of glass beads (0.5-mm diameter, Biospec Products) or 
0.40 g of zircon i a beads (0>ram diameter; Biospec Products). After the cap was 
secured, the tube was inserted into a MiniBeadbeater 8 (Biospec Products) and 
. shaken at medium high speed at 4°C for 1 min. Breakage was typical ry 75%. 
Tubes were then spun in a microcentrifuge foT 10 s at 5,000 X g at 4"C. 

With a very fine pipette tip, liquid was withdrawn from the beads and trans- 
ferred to a pre chilled 1.5-m! tube containing 7 u.1 of DNase 1 (0.5.mg/rol; Cooper 
product no. 6330)-RNase A (0.25 mg/ml; Cooper product no. 5679)-Mg (50 mM 
Mgd 2 ) mix. Typically 70 u.1 of liquid was recovered. The mixture was incubated 
on ice for JO min to allow the RNase and DNase to work. 

Next, 75 pJ of 2x dSDS (2X dSDS is 0.6% sodium dodecyl sulfate |SDS), 2% 
mercaptoethanol, and 0.1 M Tris-HCl (pH RJ) was added. The tube was plunged 
into boiling water, incubated foT 1 min, and then plunged into ice. After cooling, 
the lube was cenlrifuged at 4°C for 3 min at 14.000 X The supernatant was 
transferred to a fresh tube and frozen at -70°C. About 5 u.1 of this supernatant 
was used foT each 2D gel. 

2D polyacrvlaroide gels. 2D gels were made and run as described elsewhere 
(6-8). 

Image analysis of the gels. The Quest II software system was used for quan- 
titative image analysis (20, 22). Two techniques were used to collect quantitative 
data for analysis by Quest J) software. First, before the advent of phosphorim- 
ageTS, gels were dried and fluorographed. Each gel was exposed to film for three 
different times (typically 1 day, 2 weeks, and 6 weeks) to increase the dynamic 
range of the data. The films were scanned along with calibration strips to relate 
film optical density to disintegrations per minute in the gels and analyzed by the 
software to obtain a linear relationship between disintegrations pej minute in the 
spots and optical densities of the film images. The quantitative data are ex- 
pressed as parts per million of the total cellular protein. This value is calculated 
from the disintegrations per minute of the sample loaded onto the gel and by 
comparing the film density of each data spot with density of the film over the 
calibration strips of known radioactivity exposed to the same film. This yields the 
disintegrations peT minute per millimeter for each spot on the gel and thence its 
par ts-per- minute value. 

After the advent of phosphor imaging, gels bearing 55 S-labeled proteins were 
exposed to phosphorimagcr screens and scanned by a Fuji phosphor imager, 
typically for two exposures per gel. Calibration strips of known radioactivity were 
exposed simultaneously. Scan data from the phosphor imager was assimilated by 
Quest 11 software, and quantitative data were recorded for the spots on the gels. 
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Mensuremrnts of protein turnover. Cells in exponential- phase were pulse- 
labeled with pSJmethionine, excess cold Met and Cys wcjc added, and samples 
of equal volume were taken from the culture at intervals up to 90 min (in one 
experiment) or up to J60 min (in a second experiment). Incorporation of 35 S into 
protein was essentially 100% by the first sample (JO min). Extracts were made, 
and equal fractions of the samples were loaded on 2D gels (i.e., the different 
samples had different amounts of protein but equal amounts of ^S). Spots were 
quant Hated with a phosphor imaging and Quest software. 

The software was queried for spots whose radioactivity decreased through the 
time course. The algorithm examined all data points for all spots, drew a best-fit 
line through the data points, and looked for spots where this line had a statis- 
tically significant negative slope. In one of the experiments, there was one such 
spoL To the eye, this was a minor, unidentified spot seen only in the first two 
samples (10 and 20 min). In the other experiment, the Quest software found no 
spots meeting the criteria. Therefore, we concluded that none of the identified 
spots (and all but one of the visible spots) represented proteins with long 
half-lives. 

Centrifugal fractional ton. Cells were labeled, harvested, and broken with glass 
beads by the standard method described above except that no detergent (i.e., no 
deoxycbolate) was present in the lysis buffer. The crude lysate was cleared of 
. unbroken cells and large debris by centrifugation at 300 x g for 30 s. The 
supernatant of this centrifugation was then spun at 16,000 X g for 10 min to give 
the pellet used for Fig. 6B. The supernatant of the 16,000 X g, 10-min spin was 
then spun at 100,000 X g for 30 min to give the supernatant used for Fig. 6A. 

Protein abundance calculations. A haploid yeast cell contains about 4 X 10~ 12 
g of protein (1, 15). Assuming a mean protein mass of 50 kDa, there are about 
50 X 10* molecules of protein per cell. There are about 1.8 methionines per 10 
kDa of protein mass, which implies 4.5 X 10 s molecules of methionine per cell 
(neglecting the small pool of free Met): We measured (i) the counts per minute 
in each spot on the 2D gels, (ii) the total number of counts on each gel (by 
integrating counts over the entire gel), and (Hi) the total number of counts 
loaded on the gel (by scintillation counting of the original sample). Thus, we 
know what fraction of the total incorporated radioactivity is present in each spoi. 
After correcting for the methionine (and cysteine [see below)) content of each 
protein, we calculated an absolute number of protein molecules based on the 
fraction of radioactivity in each spot and on 50 X 10* total molecules per cell. 

The labeling mixture used contained about one-fifth as much radioactive 
cysteine as radioactive methionine. Therefore, the number of cysteine molecules 
per protein was also taken into account in calculating the number of molecules 
of protein, but Cys molecules were weighted one-fifth as heavily as Met mole- 
cules. . 

mRNA abundance calculations. For estimation of mRNA abundance, we used 
SAGE (serial analysis of gene expression) data (27) and Asymetrix chip hybrid- 
ization data (29a ; 30). The mRNA column in Table 1 shows mRNA abundance 
calculated from SAGE data alone. However, the SAGE data came from cells 
growing in YEPD medium, whereas our protein measurements were from cells 
growing in YNB medium. In addition, SAGE data for low-abundance mRNAs 
suffers from statistical variation. Therefore, we also used chip hybridization data 
(29a, 30) for mRNA from cells giown in YNB. These hybridization data also had 
disadvantages. First, the amounts of high-abundance mRNAs were systemati- 
cally underestimated, probably because of saturation in the hybridizations, which 
used 10 ng of cRNA. For example, the abundance of ADHJ mRNA was 197 
copies per cell by SAGE but only 32 copies per cell by hybridization, and the 
abundance of EN02 mRNA was 248 copies per cell by SAGE but only 41 by 
hybridization. When the amount of cRNA used in the hybridization was reduced 
to 1 u& the apparent amounts of mRNA were similar to the amounts determined 
by SAGE (29a, 29b). However, experiments using 1 jig of cRNA have been done 
for only some genes (29a). Because amounts of mRNA were normalized to 
15,000 per cell, and because the amounts of abundant mRNAs were underesti- 
mated, there is a 2.2-fold overestimate of . the abundance of nonabundant 
mRNAs. We calculated this factor of 2.2 by adding together the number of 
mRNA molecules from a large number of genes expressed at a low level for both 
SAGE data and hybridization data. The sum for the same genes from hybrid- 
ization data is 2.2-fold greater than that from SAGE data. 

To take into account these difficulties, we compiled a list of "adjusted" mRNA 
abundance as follows. For all high-abundance mRNAs of our identified proteins 
we used SAGE data. For all of these particular mRNAs, chip hybridization 
suggested that mRNA abundance was the same in YEPD and YNB media For 
medium-abundance mRNAs, SAGE data were used, but when hybridization 
data showed a significant difference between YEPD and YNB, then the SAGE 
data were adjusted by the appropriate factor. Finally,, for low-abundance 
mRNAs, we used data from chip hybridizations from YNB medium but divided 
by 2.2 to normalize to the SAGE results. These calculations were completed 
without reference to protein abundance. 

CAJ. The codon adaptation index (CAI) was taken from the ycasl proteome 
database (YPD) (13), for which calculations were made according to Sharp and 
U (24). Briefly, the index uses a reference set of highly expressed genes to assign 
a value to each codon, and then a score tor a gene is calculated from the 
frequency of use of the various codons in I hat gene (24). 

Statistical analysis. The J MP program was used with the aid of T. Tullv The 
JMP program showed lhai neither mRNA nor protein abundances .were nor- 
mally distributed; therefore, Spearman rank correlation coefficients (rj were 



calculated. The mRNA (adjusted and unadjusted) and protein, data were also 
transformed so that Pearson product-moment correlation coefficients (r ) could 
be calculated. First, this was done by a Box-Cox transformation of log-trans- 
formed data. This transformation produced normal distributions, and an r of 
0.76 *vas achieved. However, because the Box-Cox transformation is complexf we 
also did a simpler logarithmic transformation. This produced a normal distribu- 
tion for the protein data. However, the distribution for the mRNA and adjusted 
mRNA data was close to, but not quite, normal. Nevertheless, we calculated the 
r p and found that it was 0.76, identical to the coefficient from the Box-Cox 
transformed data. We therefore believe that this correlation coefficient is not 
misleading, despite the fact that the log(mRNA) distribution is not quite normal. 



RESULTS 

Visualization of 1,400 spots on "three gel systems. Yeast 
proteins have isoelectric points ranging from 3.1 to 12.8, and 
masses ranging from less than 10 kDa to 470 kDa. It is difficult 
to examine all proteins on a single kind of gel, because a gel 
with the needed range in pi and mass would give poor resolu- 
tion of the thousands of spots in the central region of the gel. 
Therefore, we have used three gel systems: (i) pH "4 to 8" with 
10% polyacrylamide; (ii) pH "3 to 10" with 10% polyacryl- 
amide; and (iii) nonequilibrium with 15% polyacrylamide (7, 
8). Each gel system allows good resolution of a subset of yeast 
proteins. 

Figure 1 shows a pH 4-8, 10% polyacrylamide gel. the pH 
at the basic end of the isoelectric focusing gel cannot be main- 
tained throughout focusing, and so the proteins resolved on 
such gels have isoelectric points between pH 4 and pH 6.7. For 
these pH 4-8 gels, we see 600 to 900 spots on the best gels after 
multiple exposures. 

The pH 3-10 gels (not shown) extend the pi range somewhat 
beyond pH 7.5, allowing detection of several hundred addi- 
tional spots. Finally, we use nonequilibrium gels with 15% 
acrylamide in the second dimension. These allow visualization 
of about 100 very basic proteins and about 170 small proteins 
(less than 20 kDa). In total, using all three gel systems, about 
1 ,400 spots can be seen. These represent about 1,200 different 
proteins, which is about one-quarter to one-third of the pro- 
teins expressed under these conditions (27, 30). Here, we focus 
on the proteins seen on the pH 4-8 gels. 

Although nearly all expressed proteins are present on these 
gels, the number seen is limited by a problem we call coverage. 
Since there are thousands of proteins on each gel, many pro- 
teins comigrate or nearly comigrate. When two proteins are 
resolved, but are close together, and one protein spot is much 
more intense than the other, a problem arises in visualizing the 
weaker spot: at Jong exposures when the weak signal is strong 
enough for detection, the signal from the strong spot spreads 
and covers the signal from the weaker spot. Thus, weak spots 
can be seen only when they are well separated from strong 
spots. 

For a given gel, the number of detectable spots initially rises 
with exposure time. However, beyond an opiimal exposure, the 
number of distinguishable spots begins to decrease, because 
signals from strong spots cover signals from nearby weak spots. 
At long exposures, the whole autoradiogram turns black. Thus, 
there is an optimum exposure yielding the maximum number 
of spots, and at this exposure the weakest spots are not seen. 

Largely because of the problem of coverage, the proteins 
seen are strongly biased toward abundant proteins. All identi- 
fied proteins have a CAJ of 0.18 or more, and we have iden- 
tified no transcription factors or protein kinases, which are 
nonabundant proteins. Thus, this technology is useful for ex- 
amining protein synthesis, amino acid metabolism, and glyco- 
lysis but not for examining transcription, DNA replication, or 
the cell cycle. 
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Spot identification. The identification of various spots has 
been described elsewhere (7, 8), At present,. 169 different spots 
representing 148 proteins have been identified. Many of these 
spots have been independently identified (2, 10, 23, 25). The 
main methods used in spot identification have been analysis of 
amino acid composition, gene overexpression, peptide se- 
quencing, and mass spectrometry. 
. Pulse-chase experiments and protein turnover. Pulse-chase 
experiments were done to measure protein half-lives (Materi- 
als and Methods). Cells were labeled with [ 35 S]methionine for 
1 0 min. and then an excess of unlabeled methionine was added. 
Samples were taken at 0, 10, 20, 30, 60, and 90 min after the 
beginning of the chase. Equal amounts of 35 S were loaded from 
each sample; 2D gels were run, and spots were quantitated. 
Surprisingly, almost every spot was nearly constant in amount 
of radioactivity over the entire time course (not shown). A few 
spots shifted from one position to another because of post- 
radiational modifications (e.g., phosphorylation of RpaO and 
Efbl). Thus, the proteins being visualized are all or nearly all 
very stable proteins, with half-Jives of more than 90 min. Gygi 
et al. (10) have come to a similar conclusion by using the N-end 
rule to predict protein half-lives. This result does not imply 
that all yeast proteins are stable. The proteins being visualized 
are abundant proteins; this is partly because they are stable 
proteins. 

Protein quantitation. Because all of the proteins seen had 
effectively the same half-life, the abundance of each protein 
was directly proportional to the amount of radioactivity incor- 
porated during labeling. Thus, after taking into account the 
tbtaj number of protein molecules per cell, the average content 
of methionine and cysteine, and the methionine and cysteine 
content of each identified protein, we could calculate the abun- 
dance of each identified protein (Tables 1 and 2; Materials and 
Methods). About 1,000 unidentified proteins were also quan- 
tified, assuming an average content of Met and.Cys. 

Many proteins give multiple spots (7, 8). The contribution 
from each spot was summed to give the total protein amount. 
However, many proteins probably have minor spots that we are 
not aware of, causing the amount of protein to be underesti- 
mated. 

When the proteins on a pH 4-8 gel were ordered by abun- 
dance, the most abundant protein had 8,904 ppm, the 10th 
most abundant had 2,842 ppm, the 100th most abundant had 
314 ppm, the 500th most abundant had 57 ppm, and the 
1,000th most abundant (visualized at greater than optimum 
exposure) had 23 ppm. Thus, there is more than a 300-fold 
range in abundance among the visualized proteins. The most 
abundant 10 proteins account for about 25% of the total pro- 
tein on the pH 4-8 geJ, the most abundant 60 proteins account 
for 50%, and the most abundant 500 proteins account for 80% 
Since it seems likely that the pH 4-8 gels give a representative 
sampling of all proteins, we estimate that half of the total 
cellular protein is accounted for by fewer than 100 different 
gene products, principally, glycolytic enzymes and proteins in- 
volved in protein synthesis. 

Correlation of protein abundance with mRNA abundance. 
Estimates of mRNA abundance for each gene have been made 
by SAGE (27) and by hybridization of cRNA to oligonucleo- 
tide arrays (30). These two methods give broadly similar re- 
sults, yet each method has strengths and weaknesses (Materials 
and Methods). Table 1 lists the number of molecules of mRNA 
per cell for each gene studied. One measurement (mRNA) 
uses data from SAGE analysis alone (27); a second incorpo- 
rates data from both SAGE and hybridization (30) (adjusted 
mRNA) (Table J: Materials and Methods). We correlated 
protein abundance with mRNA abundance (Fig. 2). For ad- 
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justed mRNA versus protein, the Spearman rank correlation 
coefficient, r s , was 0.74 (P < 0.0001), and the Pearson corre- 
lation coefficient, r p) on log transformed data (Materials and 
Methods) was 0.76 (P < 0.00001). We obtained similar corre- 
lations for mRNA versus protein and also for other data trans- 
formations (Materials and Methods). Thus, several statistical 
methods show a strong and significant correlation between 
mRNA abundance and protein abundance. Of course, the cor- 
relation is far from perfect; for mRNAs of a given abundance, 
there is at least a 10-fold range of protein abundance (Fig. 2). 
Some of this scatter is probably due to posttranscriptional 
regulation, and some is due to errors in the mRNA or protein 
data. For example, the protein Yef3 runs poorly on our gels, 
giving multiple smeared spots. Its abundance has probably 
been underestimated, partly explaining the low protein/mRNA 
ratio of YeO. It is the most extreme outlier in Fig. 2. 

These data on mRNA (27, 30) and protein abundance (Ta- 
ble 1) suggest that for each mRNA molecule, there are on 
average 4,000 molecules of the cognate protein. For instance, 
for Actl (actin) there are about 54 molecules of mRNA per 
cell and about 205,000 molecules of protein. Assuming an 
mRNA half-life of 30 min (12) and a cell doubling time of 120 
min, this suggests that an individual molecule of mRNA might 
be translated roughly 1,000 times. These calculations are lim- 
ited to mRNAs for abundant proteins, which are likely to be 
the mRNAs that are translated best. 

A full complement of cell protein is synthesized in about 120 
min under these conditions. Thus, 4,000 molecules of protein 
per molecule of mRNA implies that translation initiates on an 
mRNA about once every 2 s. This is a remarkably. high rate; it 
implies that if an average mRNA bears 10 ribosomes engaged 
in translation, then each ribosome completes translation in 
20 s; if an average protein has 450 residues; this in turn implies 
translation of over 20 amino acids per s, a rate considerably 
higher than estimated for mammalians (3 to. 8 amino acids per 
s) (18). These estimates depend on the amount of mRNA per 
ceil (11, 27). 

The large number of protein molecules that can be made 
from a single mRNA raises the issue of bow abundance is 
controlled for less abundant proteins. Many nonabundant pro- 
teins may be unstable, and this would reduce the protein/ 
mRNA ratio. In addition, many nonabundant proteins may be 
translated at suboptimal rates. We have found that mRNAs for 
nonabundant proteins usually have suboptimal contexts for 
translational initiation. For example, there are over 600 yeast 
genes which probably have short open reading frames in the 
mRNA upstream of the main open reading frame (17a). These 
may be devices for reducing the amount of protein made from 
a molecule of mRNA. 

Correlation of cod on bias with protein abundance. The 
mRNAs for highly expressed proteins preferentially use some 
codons rather than others specifying the same amino acid (14). 
This preference is called codon bias. The codons preferred are 
those for which the tRNAs are present in the greatest amounts. 
Use of these codons may make translation faster or more 
efficient and may decrease misincorporation. These effects are 
most important for the cell for abundant proteins, and so 
codon bias is most extreme for abundant proteins. The effect 
can be dramatic— highly biased mRNAs may use only 25 of the 
61 codons. 

We asked whether the correlation of codon bias with abun- 
dance continues for medium-abundance proteins. There are 
various mathematical expressions quantifying codon bias; here, 
we have used the CA1 (24) (Materials and Methods) because 
it gives a result between 0 and 1. The r s for CA1 versus protein 
abundance is 0.80 (P < 0.0001), similar to the mRNA-protein 
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- CAJ, a mcasuic of codon bias, is taken from the YPD. mRNA, numbej of roRNA molecules per cell fioin SAGE data (27); adjusted mRNA, number of mRNA 
molecules per eel) based on both SAGE and chip hybridization (30) (see Materials and Methods); Protein (Gtu), number of molecules of protein per cell in 
YNT3-glucose; Protein (Eth), number of molecules of protein per cell in YNB-ethanol; E/G Tatio, ratio of protein abundance in ethanol to glucose. The E/G ratio is 
not given if it was close to 3 or if it was not repeatable (NR) in multiple gels. Some gene products (e.g, Hfl and Tif2 (11(1,2)) were difficult to distinguish on either 
a protein or an mRNA basis; these aTe pooled. No Nto, there was no suitable Main site in the 3* region of the gene, and so there are no SAGE mRNA data; No Mel, 
the mature gene product contains no methionines, and so there are no reliable protein data. 
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TABLE 2. Functions of proteins listed in TabJe 1 



Name* 



YPD title lines* 



Adhl 

Adh2 

Gt2 " 

Enol 

Eno2 

Fbal 

Hxkl 

Hxk2 

icii 

Pdbl 
PdcJ 
PfkJ 
Pgil 
Pycl 
Tall 
Tdh2 
Tdh3 
Tpil 

Efbl 
Efll 
Eft2 
Prtl 

RpaO (RPPO) 

T»fl 

Tif2 

Yef3 . 

Hsc82 
Hsp60 
Hsp82 
Hspl04 

Kar2 

Ssal 
Ssa2 
SsM 
Ssb2 
Sscl 

Ssel 
Slil 

Adel 

Ade3 

Ade5,7 

Are4 

Gdhl 

Glnl 

His4. 

,Ilv5 

Lys9 
, Met6 

Pro2 
Serl 
Trp5 

Act) 

Adkl 

A)d6 

Atp2 

Bmhl 

Bmh2 

Cdc48 

Cdc60 

Ere20 

Gp~pl (Rhr2) 
Gspl 
IppJ 
Lcbl 

Moll (Thi4) 
PabJ 

Psal 

Rnr4 

Saml 

Sam2 

Sod I 

Ubal 



Alcohol dehydrogenase I; cytoplasmic isozyme reducing acetaldehyde to ethanol, regenerating NAD* 
Alcohol dehydrogenase II; oxidizes ethanol to acetaldehyde, glucose repressed 

Citrate synthase, peroxisomal (nonmitocbondrial); converts acetyl-CoA and oxaloacetate to citrate plus CoA 
Enolase 1 (2-phosphoglycerate dehydratase); converts 2-phospho-D-glycerate to phosphoenolpyruvate in grycorysis 
Enolase 2 (2-phosphogrycerate dehydratase); converts 2-phospho-D-grycerate lo phosphoenolpyruvate in grycorysis 
Fructose bisphosphate aldolase II; sixth step in grycorysis 

Hexokinase I; converts hexoses to hexose phosphates in grycorysis; repressed by glucose 

Hexokinase II; converts hexoses to hexose phosphates in glycolysis and plays a regulatory role in glucose repression 
Ispcitrate lyase, peroxisomal; carries out part of the gryoxylate cycle; required for gluconeogenesiV 
Pyruvate dehydrogenase complex, El beta subunit 
Pyruvate decarboxylase isozyme 1 

Phosphofructokinase alpha subunit, part of a complex with Pfk2p which carries out a key regulatory step in glycolysis 
Glucose-6-phosphate isomerase, converts glucose- 6- phosphate lo fructose-6-phosphate 
Pyruvate carboxylase 1; converts pyruvate to oxaloacetate for gjuconeogenesis - 
Transaldolase; component of nonoxidalive part of pentose phosphate pathway 

Glyceraldehyde-3-phosphate dehydrogenase 2; converts r>glycer aldehyde 3-phosphale lo 1,3-dephosphogrycerate 
GlyceraIdehyde-3-phosphat6 dehydrogenase 3; converts D-gryceraldehyde 3-phosphate to 1,3-dephosphogrycerate . 
Triosephosphate isomerase; interconverls gryccraldehydeo-phoSphate and dihydroxyacetone phosphate 

Translationelongation factor EF-10; GDP/GTP exchange factor for Tef]p/Tef2p 

Translation elongation factor EF-2; contains diphthamide which is not essential for activity; identical to Eft2p 
Translation elongation factor EF-2; contains diphthamide which is not essential for activity; identical to Eftlp 
Translation initiation factor elF3 beta subunit (p90); has an RNA recognition domain 
Acidic ribosomal protein AO 

Translation initiation factor 4A (eIF4A) of the DEAD box family 
Translation initiation factor 4 A (eIF4A) of the DEAD box family 
Translation elongation factor EF-3A; member of ATP-binding cassette superfamily 

Chaperonin homologous to E. coli HtpG and mammalian HSP90 ^ 
Mitochondrial chaperonin that cooperates with Hspl Op; homolog of & coli GroEL 
Heat-inducibJe chaperonin homologous to R coJi HtpG and mammalian HSP90 

Heat shock protein required for induced I hermo tolerance and for resolubilizing aggregates of denatured proteins: important for |psi~l- 
to-[PSI + ] prion conversion * «*- & *- > k u~ j 

Heat shock protein of the endoplasmic reticulum lumen required for protein translocation across the endoplasmic reticulum membrane 

and for nuclear fusion; member of the HSP70 family . 
Cytoplasmic chaperone; heal shock protein of the HSP70 family 
Cytoplasmic chaperone; member of the HSP70 family 
Heat shock protein of HSP70 family involved in the translationaJ apparatus 
Heat shock protein of HSP70 family, cytoplasmic 

Mitochondrial protein that acts as an import motor with Tim44p and plays a chaperonin role in receiving and folding of protein chains 

during import; heat shock protein of HSP70 family 
Heat shock protein of the HSP70 family; multicopy suppressor of mutants with hyperactivated Ras/cvclic AMP pathway 
Stress-induced protein required for optimal growth at high and low temperaturefhas telratricopepiide repeats 

Phosphoribosylamidoimidazole-succmocarboxamide synthase: catalyzes the seventh step in de novo purine biosynthesis pathway 
C, tetrahydrofolate synthase ( Afunctional enzyme), cytoplasmic - . '. 
PhosphoribosyJamine-grycine ligase plus phosphoribosylformylglycinamidine cyclo-ligase; Afunctional protein 
Argininosuccinale lyase; catalyzes the final step in arginine biosynthesis 

Glutamate dehydrogenase (NADP + ); combines ammonia and a-ketoglutarate to form glutamale 
Glutamine synthetase; combines ammonia to glutamate in ATP-d riven reaction 

Phosphpribo'syl-AMP cyclohydrolase/phosphoribosyl-ATP pyrophosphohvdrolase/hislidinol dehydrogenase: 2nd, 3rd, and 10th steps of 
his biosynthesis pathway ' " . 

Kelol-acid r e duct oisom erase (acetohydroxy, acid reductoisomerase) (alpha-keio-0-hydroxyJacyl) reductoisomcrase); second step in Val 
and llv biosynthesis pathway * J J - r 

Saccharopine dehydrogenase (NADP*, L-glutamale forming) (saccharopihe reductase), seventh step in lysine biosynthesis pathway 

Homocysteine methyll ransferase; (5-mcthyltelrahydropteroyl triglutamate-homocysleine methvltransferas'e), methionine synthase, 
cobalamm independent . 

y-Glutamyl phosphate reductase (phosphoglutamale dehydrogenase), proline biosynthelic enzyme 

Phosphoserine transaminase; involved in synthesis of serine from 3-phosphoglycerate 

Tryptophan synthase, last (5 1 h) step in tryptophan biosynthesis pathway 

Actin; involved in cell polarization, endocylosis, and other cvtoskeietal functions 
Adenylate kinase (GTP:AMP phosphotransferase), cytoplasmic 
Cytosolic acetaldehyde dehydrogenase 

Beta subunit of Fl-ATP synthase; 3 copies are found in each Fl oligomer 
Homolog of mammalian 14-3-3 protein; has strong similarity to Bmh2p 
Homolog of mammalian 14-3-3 protein; has strong similarity to Bmhlp 

Protein of the AAA family of ATPases; required for cell division and homotypic membrane fusion 
Leucyl-lRNA synthetase, cytoplasmic 

Famesyl pyrophosphate synthetase; may be rate-limiting step in steml biosyn thesis pathway 
DL-GryceroI phosphate phosphatase 

Ran, a GTP-binding protein of the Ras superfamily involved in trafficking through nuclear pores 
Inorganic pyrophosphatase, cytoplasmic * 
Component of serine G palmitoyltransferase; first step in biosynthesis of long-chain base component of sphingolipids 
Thiamine-repressed protein essential for growth in the absence of thiamine 

Poly( A)- binding pTOtcin of cytoplasm and nucleus; pari of (he 3'-end RNA- processing complex (cleavage factor IV has 4 RNA 

recognition domains ° ' 

Mannose-j -phosphate guanyl transferase; GDP-mannose pyrophosphoryiase 
Ribonucleotide reductase small subunit 
5-AdenosyImethionine synthetase 1 
5-Adenosylmelhionine synthetase 2 
Copper-zinc superoxide dismutase 
Ubiqui tin- activating (El) enzyme 



YKL056 Resembles translalionally controlled tumor protein of animal cells and hi&hei plants 

YLR109 (AhpH Alkyl hydroperoxide reductase . P 

YMR116 (AscJ) Abundant protein with effects on translationaJ efficiency and cell size, has two WD (WD-40) repeats 



^Accepted name from the Saccharomyces genome database and YPD. Names in parentheses represent recent chances. 
Courtesy of Protcome, Inc.. reprinted with permission. " . 
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FIG. 2. Correlation of protein abundance with adjusted mRNA abundance. 
The number of molecules per cell of each protein is plotted against the number 
of molecules per cell of the cognate mRNA, with an r p of .0.76. Note the 
logarithmic axes. Data for mRNA were taken from references 27 and 30 and 
combined as described in Materials and Methods. 



correlation, confirming a strong correlation between CA1 and 
protein abundance (Fig. 3). The relationship between CAI and 
protein abundance is log linear from about 1,000,000 to about 
10,000 molecules per cell. We have no data for rarer proteins. 

It is not clear whether CAI reflects . maximum or average 
levels of protein expression. The proteins used for the CAI- 
protein correlation included some proteins which were not 
expressed at maximum levels under the condition of the ex- 
periment (Hsc82, Hspl04, Ssal, Adel, Arg4, His4, and others). 
, When these proteins were removed from consideration and 
the correlation between CAI and the remaining (presumably 
constitutive) proteins? was recalculated, the r s was essentially 
unchanged (not shown). 

The equation describing the graph in Fig. 3 is log (protein 
molecules/cell) = (2.3 X CAI) + 3.7. Thus, under certain 
conditions (a CAI of 0.3 or greater: a constitutively expressed 
gene), a very rough estimate of protein abundance can be 
made by raising 10 to the power of [(2.3 X CAI) + 3.7). 

The distribution of CAI over the genome (Fig. 4) consists of 
a lower, bell-shaped distribution, possibly indicating a region 
where there is.no selection for codon bias, and an upper, flat 
distribution, starling at a CAI of about 0.3, possibly indicating 
a region where there is selection for codon bias. Almost all of 
the proteins whose abundance we have measured are in the 
upper, flat portion of the distribution. In the lower, bell-shaped 
region, we do not know whether there is a correlation between 
CAI and protein abundance. 

Changes in protein abundance in glucose and ethanol. A 
comparison of cells grown in glucose (Fig. 1 A) with cells grown 
in ethanol (Fig. IB) is shown in Table ]. As is well known, 
some proteins are induced tremendously during growth on 
elhanol. Two striking examples are the peroxisomal enzymes 
Icll (isocitrate lyase) and Cit2 (citrate synthase), which are 
induced in ethanol by more than 100- and 12-fold, respectively 
(Fig. 1; Table 1). These enzymes arc key components of the 
glyoxylate shunt, which diverts some acetyl coenzyme A 
(acetyJ-CoA) from the tricarboxylic acid cycle logluconeogen- 
esis. S. cerevisiac requires large amounts of carbohydrate for its 
cell wall; in ethanol medium, this carbohydrate comes from 
gluconeogenesis, which depends on the glyoxylate shunt and 
on the glycolytic pathway running in reverse. The need for 



gluconeogenesis also explains why glycolytic enzymes are 
abundant even in ethanol medium. Thus, 2D gel analysis shows 
the prominence of the glycolytic and glyoxylate shunt enzymes 
. in cells grown on ethanol, emphasizing that gluconeogenesis, 
presumably largely for production of the cell wall, is a major 
metabolic activity under these conditions. 

During gluconeogenesis, substrate-product relationships are 
reversed for the glycolytic enzymes. One might expect that not 
all glycolytic enzymes would be well adapted to the reverse 
reaction. Indeed, 2D gels show that in ethanol, Adh2 (alcohol 
dehydrogenase 2) is strongly induced (16), while its isozyme 
Adhl is not greatly affected. Adhl and Adh2 each interconvert 
acetaldehyde and ethanol. Adhl has a relatively high K m for 
ethanol (17 mM), while Adh2 has a lower K m (0.8 mM) (5). 
Thus, it is thought that Adhl is specialized for glycolysis (ac- 
etaldehyde to ethanol), while Adh2 is specialized for respira- 
tion (ethanol to acetaldehyde) (5, 29). Similarly, Enol (enolase 
1) is induced in ethanol, while its isozyme Eno2 (enolase 2) 
decreases in abundance (Table 1) (4, 19). Enol is inhibited by 
2-phosphoglycerate (the glycolytic substrate), while Eno2 is 
inhibited by phosphoenolpyruvate (the gluconeogenic sub- 
strate) (4). Perhaps Enol has a lower K m for phosphoenol- 
pyruvate than does Eno2, though to our knowledge this has not 
been tested. Thus, the 2D gels distinguish isozymes specialized 
for growth on glucose (Adhl and Eno2) from* isozymes spe- 
cialized for ethanol (Adh2 and Enol). 

Many heat shock proteins (e.g., Hsp60, Hsp82, Hspl04, and 
Kar2) were about twofold more abundant in ethanol medium 
than in glucose medium. This is consistent with the increased 
heat resistance of cells grown in ethanol (3). 

Enzymes involved in protein synthesis (Eftl, RpaO, and Tifl) 
were about twice as abundant in glucose medium as in ethanol 
medium. This may reflect the higher growth rate of the cells in 
glucose; 

Phosphorylation of proteins. To examine protein phosphor- 
ylation, we labeled cells with 32 P and ran 2D gels to examine 
phosphoproteins. About 300 distinct spots, probably represent- 
ing 150 to 200 proteins, could be seen on pH 4-8 gels (Fig. 5B). 
We then aligned autoradiograms of three gels, each with a 
different kind of labeled protein ( 32 P only [Fig. 5B], 32 P plus 
35 S [Fig. 5 A], and 35 S only [not shown, but see Fig. 1 for 
example]). In this way, we made provisional identification of 
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FIG. 3. Correlation of protein abundance with CAI. The number of mole- 
cules per cell of each protein is plotted against the CAI for that protein. Note the 
logarithmic scale on the protein axis. Data for the CAI are from the YPD 
database (13). 
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FIG. 4. Distribution of CAJ ovti the whole genome, shown in intervals of 0.030 (i.e., there are 150 genes with a CAI between 0.000 and 0.030, inclusive; 31 genes 
with a CAI between 0.031 and 0.060; 269 genes with a CA1 between 0.061 and 0.090; 1,296 genes wilh a CA1 between 0.091 and 0.120; etc.). Trie distribution peaks 
with 2,028 genes wilh a CAI between 0.121 and 0.150. 



some of the ^P-labeled spots as particular 35 S-labeled spots. 
All such identifications are somewhat uncertain, since precise 
alignments are difficult, and of course multiple spots may ex- 
actly comigrate. Nevertheless, we believe that most of the 
provisional identifications are probably correct. Among the 
major 32 P-labeled proteins are the hexokinases Hxkl and 
Hxk2 ? the acidic ribosome-associated protein RpaO, the trans- 
lation factors Yef3 and Efbl, and probably Hsp70 heat shock 
. proteins of the Ssa and Ssb families. RpaO and Efbl are quan- 
titatively monophosphorylated. 

Many yeast proteins, resolve into multiple spots on these 2D 
gels (7). YeB has five or more spots, at least four of which 
comigrate with 32 P. Tpil has a major, spot showing no ^P 
labeling and a minor, more acidic spot which overlaps with 
some 32 P label. Tif 1 has at least seven spots (7); two of these 
overlap with some 32 P label, but five do not (Fig. 5). Eftl has 
at least, three spots (7), and none of these overlap with 32 P, 
although there are three nearby, unidentified 32 P-labeled spots 
(a, c, and d in Fig. 5). Spots that seem to be extra forms of 
Met6, Pdcl, Eno2, and Fbal can be seen in Fig. 6A, but there 
is little 32 P at these positions in Fig. 5. Thus, phosphorylation 
explains some but not all. of the different protein isoforms seen. 

The cell cycle is regulated in part by phosphorylation. We 
compared 32 P-labeled proteins from cells synchronized in Gj 
with a -factor, in cells synchronized in G x by depletion of Gj 
cyclins, and in cells synchronized in 1VI phase with nocodazole. 
Only very minor differences were seen, and these were difficult 
to reproduce. The cell cycle proteins regulated by phosphory- 
lation may not be abundant enough for this technique to be 
applied easily. 

Centrifugal fractionation. We fractionated 35 S-labeIed ex-, 
tracts by centrifugation (Materials and Methods). Figure 6A 
shows the proteins in the supernatant of a high-speed 
(100,000 X g 7 30 min) centrifugation, while Fig. 6B shows the 
proteins in the pellet of a low-speed (16,000 X g, 10 min) 
centrifugation. Many proteins are tremendously enriched in 
one fraction or the other, while others are present in both. 



Most glycolytic enzymes (e.g., Tdh2, Tdh3, Eno2, Pdcl, Adhl, 
and Fbal) are enriched in the supernatant fraction. The only 
exception is Pfkl (not indicated), which is found in both pellet 
and supernatant fractions. Many proteins involved in protein 
synthesis (Eftl, Yef3, Prtl, Tifl, and RpaO) are in the pellet, 
possibly because of the association of ribosomes with the en- 
doplasmic reticulum. However, Efbl is in the supernatant, as is 
a substantial portion of the Eftl. Perhaps surprisingly, several 
mitochondrial proteins (Atp2 [not shown] and ])v5) are largely 
in the supernatant. Perhaps glass bead breakage of cells re- 
leases mitochondrial proteins. The nuclear protein Gspl is in 
the pellet fraction. The enrichment produced by centrifugation 
makes it possible to see minor spots which are otherwise poorly 
resolved from surrounding proteins. Figure 6B shows that the 
previously identified Tifl spot is surrounded by as many as six 
other spots that cofractionate. We observed six identical or 
very similar additional spots when we overexpressedNTifl from 
a high-copy-number plasmid (not shown). Signal overlaps only 
one or two of these spots in 32 P- labeling experiments (Fig. 5), 
and so the different forms are not mainly due to different 
phosphorylation states. 

DISCUSSION 

Our experience with developing a 2D gel protein database 
for S. cerevisiae is summarized here. With current technology, 
we can see the most abundant 1,200 proteins, which is about 
one-third to one-quarter of the proteins expressed. The re- 
maining proteins will be difficult to see and. study with the 
methods that we have used, not because of a lack of sensitivity 
but because weak spots are covered by nearby strong spots. 

Of the 1,200 proteins seen, we have identified 148, with a 
bias toward the most abundant proteins. Steady application of 
the methods already used would allow identification of most of 
the remaining proteins. Gene overexpression will be particu- 
larly useful, since it is not affected by the lower abundance of 
the remaining visible proteins. 




FIG. 5. Phosphorylalcd proteins. (A) Mixtuic of ? -P-labeled proteins and 35 S-tabelcd proteins. Two separate labeling reactions were done, one with ^P and one 
with 35 S, and extracts were mixed and run on a 2D gel. Spots marked with numbers rather than gene names represent spots noted on geis but unidentified. Spots 
labeling with ^P were identified by (i) increased labeling compared to the x 'S-only gel (not shown); (it) the characteristic fuzziness of a 32 P-labeled spot; and (iii) the 
decay of signal intensity seen on exposures made 4 weeks later (not shown). A minor form of Tpil and at least six minor forms of Tin have been noted in overexpression 
experiments (see also Fig. 6B); positions of the minor forms arc indicated by chclcs. (B) ^P-only labeling. The m:ijor form of Tpil, which is not labeled with M P, is 
indicated by a large circle; positions of seven forms of Tifl are indicated by smaller circles. 
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FIG. 6. Fractionation by centri rogation. (A) Proteins in the supernatant of a 100,000 X g, 30-min spin; proteins in the pellet of a 16.000 x gy 10-rriin spin/Supernatant 
fractions examined in multiple experiments done over a wide range of g forces looked simihir to each other, as did the pellet fractions. 
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2D gels of the kind that we have used are not suitable for 
visualization of rare proteins. However it will be possible to 
study on a global basis metabolic processes involving relatively 
abundant proteins, such as protein synthesis, glycolysis, gju- 
coneogenesis, amino acid synthesis, cell wall synthesis, nucle- 
otide synthesis, lipid metabolism, and the heat shock response. 

Gygi et al. (10) have recently completed a study similar to 
ours. Despite generating broadly similar data, Gygi et aL 
reached markedly different conclusions. We believe that both 
niRNA abundance and codon bias are useful predictors of 
protein abundance. However, Gygi et al. feel that mRNA 
abundance is a poor predictor of protein abundance and that 
"codon bias is not a predictor of either protein or mRNA 
levels" (10). These different conclusions are partly a matter of 
viewpoint. Gygi et al. focus on the fact that the correlations of 
mRNA and codon bias with protein abundance are far from 
perfect, while we focus on the fact that, considering the wide 
range of mRNA and protein abundance and the undoubted 
presence of other mechanisms affecting protein abundance, 
the correlations are quite good. 

However, the different conclusions are also partly due to 
different methods of statistical analysis and to real differences 
in data. With respect to statistics, Gygi et al. used the Pearson 
product-moment correlation coefficient (r p ) to measure the 
covariance of mRNA and protein abundance. Depending on 
the subset of data included, their r p values ranged from 0.1 to 
0.94. Because of the low r p values with some subsets of the 
data, Gygi et al. concluded that the correlation of mRNA to 
protein was poor. However, the r p correlation is a parametric 
statistic and so requires variates following a bivariate normal 
distribution; that is, it would be valid only if both mRNA and 
protein abundances were normally distributed. In fact, both 
; distributions are very far from normal (data not shown), and so 
a calculation of r p is inappropriate. There was no statistical 
backing for the assertion that codon bias fails to predict pro- 
tein abundance. 

We have taken two statistical approaches. First, we have 
used the Spearman rank correlation coefficient (r s ). Since this 
statistic is nonparametric, there is no requirement for the data 
to be normally distributed. Using the r sy we find that mRNA 
abundance is well correlated with protein abundance (r s = 
0.74), and the CAI is also well correlated with protein abun- 
dance (r s = 0.80) (and also with mRNA abundance [data not 
shown]). For the data of Gygi et al. (10), we obtained similar 
results, though with their data the correlation is not as good; r s 
= .059 for the mRNA-to-protein correlation, and r s = 0.59 for 
the codon bias-to-protein correlation. 

In a second approach, we transformed the mRNA and pro- 
tein data to forms where they were normally distributed, to 
allow calculation of an r (Materials and Methods). Two trans- 
formations, Box-Cox and logarithmic, were used; both gave 
good correlations with our data [e.g.. r p = 0.76 for log(adjusted 
RNA) to log(protein)]. Wc were not able to transform the data 
of Gygi et al. to a normal distribution. 

Finally, there are also some differences in data between the 
two studies. These may be partly due to the different measure- 
ment techniques used: Gygi el al. measured protein abundance 
by cutting spots out of gels and measuring the radioactivity in 
each spot by scintillation counting, whereas we used phospho- 
rimaging of intact gels coupled to image analysis. We com- 
pared our data lo theirs for the proteins common. between the 
studies (but excluding proteins whose mRNAs are known to 
differ between rich and minimal media, and excluding Tifl, 
which was anomalous in differing by 300- fold between the two 
data sets). The r x between the two protein data sets was 0.88 
(P < 0.0001). Although this is a strong correlation, the fact that 
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it is less than 1.0 suggests that there may have been errors in 
measuring protein abundance in one or both studies. After- 
normalizing the two data sets to assume the same amount of 
protein per cell, we found a systematic tendency for the protein 
abundance data of Gygi et al. to be slightly higher than ours for 
the highest-abundance proteins and also for the lowest-abun- 
dance proteins but slightly lower than ours for the middle- 
abundance proteins. These systematic differences suggest some 
systematic errors in protein measurement. Although we do not 
know what the errors are, we suggest the following as a rear, 
sonable speculation. For the highest-abundance proteins, we 
may have underestimated the amount of protein because of a 
slightly nonlinear response of the phosphorimager screens. For 
the lowest-abundance proteins, Gygi et al. may have overesti- 
mated the amount of protein because of difficulties in accu- 
rately cutting very small spots out of the gel and because of 
difficulties in background subtraction for these small, weak 
spots. The difference in the middle abundance proteins may be 
a consequence of normalization, given the two errors above. 

The low-abundance proteins in the data set of Gygi et al. 
have a poor correlation with mRNA abundance. We calculate 
that the r s is 0.74 for the top 54 proteins of Gygi et al but only 
0.22 for the bottom 53 proteins, a statistically significant dif- 
ference. However, with our data set, the r s is 0.62 for the top 33 
proteins and 0.56 (not significantly different) for the bottom 33 
proteins (which are comparable in abundance to the bottom 
53 proteins of Gygi et al.). Thus, our data set maintains a good 
correlation between mRNA and protein abundance even at 
low protein abundance. This is consistent with our speculation 
that protein quantification by phosphorimaging and image 
analysis may be more accurate for small, weak spots than is 
cutting out spots followed by scintillation counting. Our rela- 
tively good correlations even for nonabundant proteins may 
also reflect the fact that we used both SAGE data and RNA 
hybridization data, which is most helpful for the least abundant 
mRNAs. In summary, we feel that the poor .correlation of 
protein to mRNA for the nonabundant proteins of Gygi et al. 
may reflect difficulty in accurately measuring these nonabun-' 
dant proteins and mRNAs. rather than indicating a truly poor 
correlation in vivo. It is not surprising that observed correla- 
tions would be poorer with less-abundant proteins and 
mRNAs, simply because the accuracy of measurement would 
be worse. 

How well can mRNA abundance predict protein abun- 
dance? With r p ~ 0.76 for logarithmically transformed mRNA 
and protein data, the coefficient of determination, (r p ) 2 > is 0.58. 
This means that more than half (in log space) of the variation 
in protein abundance is explained by variation in mRNA abun- 
dance. When converted back to arithmetic values, protein 
abundances vary over about 200-fold (Table 1), and (r p ) 2 ~ 
0.58 for the log data means that of this 200-fold variation, 
about 20-fold is explained by variation in the abundance of 
mRNA and about 10- fold is unexplained (but could be due 
partly to measurement errors). For proteins much less abun- 
dant than those considered here, we imagine the in vivo cor- 
relation between mRNA and protein abundance will be worse, 
and other regulatory mechanisms such as protein turnover will 
be more important. 

Some important conclusions can be drawn from this sam- 
pling of the proteome. First, there is an enormous range of 
protein abundance, from nearly 2,000,000 molecules per cell 
for some glycolytic enzymes to about 100 per cell for some cell 
cycle proteins (2.6a). Second, about half of all cellular protein 
is found in fewer than 100 different gene products, which are 
mostly involved in carbohydrate metabolism or protein synthe- 
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sis. Third j the correlation between protein abundance and CAI 
is log linear as far as we can see, which is from about 10,000 
protein molecules per cell to about 1,000,000. This is somewhat 
surprising, because it implies that selective forces for codon 
bias are significant even at moderate expression levels. It also 
means that codon bias is a useful predictor of protein abun- 
dance even for moderately low bias proteins. Fourth, there is a 
good correlation between protein abundance and mRNA 
abundance for the proteins that we have studied. This validates 
the use of mRNA abundance as a rough predictor of protein 
abundance, at least for relatively abundant proteins. Fifth, for 
these abundant proteins, there are about 4,000 molecules of 
protein for each molecule of mRNA. This last conclusion 
raises questions as to how the levels of nonabundant proteins 
are regulated and suggests that protein instability, regulated 
translation, suboptimal rates of translation, and other mecha- 
nisms in addition to transcriptional control may be very impor- 
tant for these proteins. 
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The DEAD box gene, DDX1, is a putative RNA helicase that is co-amplified with 
MYCN in a subset of retinoblastoma (RB) and neuroblastoma (NB) tumors and cell lines. 
Although gene amplification usually involves hundreds to thousands of kilobase pairs of 
DNA, a number of studies suggest that co-amplified genes are only overexpressed if they 
provide a selective advantage to the cells in which they are amplified. Here, we further 
characterize DDX1 by identifying its putative transcription and translation initiation sites. 
We analyze DDX1 protein levels in MYCN/DDX 1 -amplified NB and RB cell lines using 
polyclonal antibodies specific to DDX1 and show that there is a good correlation with 
DDXI gene, copy number, DDXI transcript levels, and DDX1 protein levels in all cell 
lines studied. DDXI protein is found in both the nucleus and cytoplasm of DDXI- 
amplified lines but is localized primarily to the nucleus of nonamplified cells. Our results 
indicate that DDX1 may be involved in either the formation or progression of a subset of 
NB and RB rumors and suggest that DDX1 normally plays a role in the metabolism of * 
RNAs located in the nucleus of the cell. 
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Expression of deoxycytidine kinase in Ieukaemic cells compared with solid 
tumour cell lines, liver metastases and normal liver, 

vah der Wilt CL, Kroep JR. Loves WJL Rots MG; Van Groeningen CJL Kaspers GJ, 
Peters GJ . 

Department of Medical Oncology, VU University Medical Center, Amsterdam, The 
Netherlands. 

Deoxycytidine kinase (dCK) is required for the phosphorylation of several 
deoxyribonucleoside analogues that are widely employed as chemotherapeutic agents. 
Examples include cytosine arabinoside (Ara-C) and 2-chlorodeoxyadenosine (CdA) in 
the treatment of acute myeloid leukaemia (AML) and gemcitabine to treat solid tumours. 
In this study, expression of dCK mRNA was measured by a competitive template reverse 
transcriptase polymerase chain reaction (CT RT-PCR) in seven cell lines of different 
histological origin, 16 childhood and adult AML samples, 10 human liver samples and 1 1 
human liver metastases of colorectal cancer origin. The enzyme activity and protein 
expression levels of dCK in the cell lines were closely related to the mRNA expression 
levels (r=0.75, P=0.026 and r=0.86, P=0.007). In AML samples, dCK mRNA expression 
ranged from 1 .1 6 to 35.25 (xl 0(-3)xdCK/beta-actin). In the cell line panel, the range was 
2.97-56.9 (xlO(-3)xdCK/beta-actin) of dCK mRNA expression. The enzyme activity in 
liver metastases was correlated to dCK mRNA expression (r=0.497, P=0.05)! In the liver 
samples, these were not correlated. dCK mRNA expression showed only a 36-fold range 
in liver while a 150- fold range was observed in the liver metastases. In addition, dCK 
activity and mean mRNA levels were 2.5-fold higher in the metastases than in the liver 
samples. Since dCK is associated with the sensitivity to deoxynucleoside analogues and 
because of the good correlation between the different dCK measurements in malignant 
cells and tumours, the CT-RT PCR assay will be useful in the selection of patients that 
can be treated with deoxycytidine analogues. 
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Galanin in pituitary adenomas. 

gEf^k^ , meUeruaP, Wallerman F,, Lundblad L , Anggard A . Ericson K. Aman 
K, Landry M, Schmidt WE, HojdejtT, Halting AL . ~ 

a" 1 °f L M ] oIecular Medicine, Endocrine and Diabetes Unit, Karolinska Hospital, 
b-l /I /6 Stockholm, Sweden. Eva.Grenback@ks.se 

Tumor galanin content was measured in extracts from human pituitary adenomas using a 
specific RIA method for monitoring human galanin. Twenty-two out of twenty-four 
rumors contained galanin with notably high levels in corticotroph adenomas, varying 
levels in chnically inactive tumors, and low levels in GH. secreting adenomas. Tumor 
galanin and ACTH contents were closely correlated in all tumors. In four young patients 
with microadenomas and highly active Mb Cushing tumor galanin was inversely related 
to tumor volume. The molecular form of tumor galanin, studied with reverse-phase 
HPLC, was homogeneous with the majority of tumor galanin coeluting with standard 
human galarun. In the tumors analysed with in situ hybridization there was a good 
correlation between galanin peptide levels and galanin rnRNA expression. In some 
tumors galanin rnRNA and POMC levels coexisted, in others they were essentially in 
different cell populations. Levels of plasma galanin-LI were not related to tumor galanin 
concentration, and galanin levels were in the same range in sinus petrosus close to the 
pituitary venous drainage as in peripheral blood. Corticotrophin releasing hormone 
injections in two patients caused ACTH, but no detectable galanin release into sinus 
petrosus. Our results demonstrate that corticotroph, but not GH adenomas, express high 
levels of galanin, in addition to ACTH, and that in some rumors both polypeptides are 
synthesised m the same cell population. However, galanin levels in plasma were not 
influenced by the tumor galanin content. 
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BCL2 protein expression parallels its mRNA level in normal and 
malignant B cells. 

ShenY, Iqbal J , Huang JZ . Zhou G. Chan WC 

Department of Pathology and Microbiology, University of Nebraska Medical Center, 
Omaha, USA. 

The regulation of B-cell lymphoma 2 (BCL2) protein expression in germinal center (GC) 
B cells has been controversial. Previous reports have indicated posttranscriptional 
regulation plays a dominant role. However, a number of recent studies contradicted these 
reports. Using real-time polymerase chain reaction (PCR) and Standardized Reverse 
Transcriptase-PCR (StaRT-PCR), we measured the level of mRNA expression in GC, 
mantle zone (MNZ), and marginal zone (MGZ) cells from laser capture microdissection. 
Both quantitative RT-PCR measurements of microdissected GC cells from tonsils 
showed that GC cells had low expression of BCL2 transcripts commensurate with the 
low protein expression level. These results are in agreement with microarray studies on 
fluorescence-activated cell sorter (FACS)-sorted cells and microdissected GC cells. We 
also examined BCL2 mRNA and protein expression on a series of 30 cases of diffuse 
large B-cell lymphoma (DLBCL) and found, in general, a good correlation. The results 
suggested that BCL2 protein expression is regulated at the transcriptional level in normal 
B cells and in the neoplastic cells in most B-cell lymphoproliferative disorders. 
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Cyclin Dl-ncgative mantle cell lymphoma: a clinicopathologic study based od 
gene expression profiling, 

FuK, Weisenburger DP, GreinerTC, Dave S , WnghtG, Rosenwald A T Chiorazzi IVL Ighal 
£ GeskS, SiebertR, DeJongD, JaffeES, Wilson WH . DelabieJ , Pit G , Pave BJ . Sanger 
WG, Smith LM, Rimsza L, Braziel RM T Muller-HermelinkHK . Camp o E. Gascoyne RP T 
Staudt XjM, Chan WC; Lvm phoma/Leukemia Molecular Profiling Project . 

Department of Pathology and Microbiology, University of Nebraska Medical Center, 983 135 
Nebraska Medical Center, Omaha, NE 68 198-3 135, USA. kfu@unmc.edu 

Cyclin Dl overexpression is believed to be essential in the pathogenesis of mantle cell lymphoma 
(MCL). Hence, the existence of cyclin Dl -negative MCL has been controversial and difficult to 
substantiate. Our previous gene expression profiling study identified several cases that lacked 
cyclin Dl expression, but had a gene expression signature typical of MCL. Herein, we report the 
clinical/pathologic, and genetic features of 6 cases of cyclin Dl -negative MCL. All 6 cases 
exhibited the characteristic morphologic features and the unique gene expression signature of 
MCL but lacked the t(l 1 ;14)(ql3; q32) by fluorescence in situ hybridization (FISH) analysis. The 
tumor cells also failed to express cyclin Dl protein, but instead expressed either cyclin D2 (2 
crises) or cyclin D3 (4 cases). There was good correlation between cyclin D protein expression and 
the corresponding mRNA expression levels by gene expression analysis. Using interphase FISH, 
we did not detect chromosomal translocations or amplifications involving CCND2 and CCND3 ' 
loci in these cases. Patients with cyclin Dl -negative MCL were similar clinically to those with 
cyclin Dl -positive MCL. In conclusion, cases of cyclin Dl -negative MCL do exist and are part of 
the spectrum of MCL. Up-regulation of cyclin D2 or D3 may substitute for cyclin Dl in the 
pathogenesis of MCL. 
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Neurokinin 1 receptor and relative abundance of the short and long 
isoforms in the human brain. 

Cabertotto L , Hurd YL , Murdock Wahhn JP , Melotto S , Gorsi M Carletri R . 

Department of Biology, Psychiatry CEDD, GlaxoSmithKline Medicine Research Centre, 
Verona, Italy. Laura.L T CaberIotto@gskxom 

Substance P exerts its various biochemical effects mainly via interactions through 
neurokinin- 1 receptors (NK1). Recently, the NK1 receptor has attracted considerable 
interest for its possible role in a variety of psychiatric disorders including depression and 
anxiety. However, little is known regarding the anatomical distribution of NK1 in the 
human central nervous system (CNS). Riboprobe in situ hybridization, quantitative PCR 
and in vitro autoradiography were performed. Highest NK1 mRNA levels were localized 
in the locus coeruleus and ventral striatum, while moderate hybridization signals were 
observed in the cerebral cortex (most abundant in the visual cortex), hippocampus and 
different amygdaloid nuclei. Very low levels of the NBC1 mRNA were detected in the 
cerebellum and thalamus. In view of the existence of a long and short isoform of the NK1 
receptor, it was of interest to assess whether there was a differential distribution of the 
two splice variants in the human CNS and peripheral tissues. A quantitative TaqMan 
PCR analysis showed that the long NK1 isoform was the most prevalent throughout the 
human brain, while in peripheral tissues the truncated form was the most represented. 
3H-Substance P autoradiography revealed a good correlation between receptor binding 
sites and NK1 mRNA expression throughout the brain, with the highest levels of binding 
in the locus coeruleus. These results provide the anatomical evidence that the NKl 
receptors have a strong association with neuronal systems relevant to mood regulation 
and stress in the human brain, but do not suggest a region-specific role of the two 
isoforms in the CNS. 
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Human chorionic gonadotropin beta expression in malignant Barrett's 
oesophagus. 

Couvclard A , ParafF, Vidaud D . Diibois S . Vidaud M Fleiou JF, Degott C . 

Service d'Anatomie Pathologique, Hopital Beaujon, 921 18 Clichy cedex, France. 
anne.couvelard@bjn.ap-hop-paris.fr 

BACKGROUND; Human chorionic gonadotropin beta (hCGbeta) is expressed in 
several non-trophoblastic tumours^ and this is usually associated with aggressive 
behaviour. Little is known about hCGbeta expression in Barrett's adenocarcinoma. 
MATERIALS AND METHODS: We determined the hCGbeta profile in a large series of 
surgically resected Barrett's adenocarcinoma (a) at mRNA level using real-time 
quantitative reverse-transcription polymerase chain reaction analysis and (b) at protein 
level using immunohistochemistry with a polyclonal antibody and with a monoclonal 
antibody specific for free hCGbeta. We then sought links between the hCGbeta protein 
expression pattern and clinical and pathological parameters, including patient outcome as 
well as vascular endothelial growth factor (VEGF) expression. RESULTS: hCGbeta 
protein expression was observed in 43 of 76 (57%) Bairett's adenocarcinomas. We 
showed a strong correlation between hCGbeta protein abundance and CGB mRNA level. 
We observed a statistical link between hCGbeta protein expression and infiltrative 
tumour type ( P=0.023), perineural neoplastic invasion ( P=0.007) and VEGF protein 
expression ( P=0.016). hCGbeta expression tended to be associated with a poor outcome 
(16% versus 36% survival 8 years after resection). CONCLUSION: Expression of 
hCGbeta correlates with specific infiltrative characteristics and is associated with higher 
VEGF expression. Both molecules may play a co-ordinated role in the development of 
Barretts adenocarcinomas. 
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Assessment of proliferative activity ia colorectal carcinomas by 
quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). 

Duchrow M , Hasemeyer S , BroH R , Bruch HP , Wtndhovel U . 

Surgical Research Laboratory, Surgical Clinic, Medical University of Lubeck, 
Ratzeburger Allee 160, D-23538 Lubeck, Germany. 

The monoclonal antibody Ki-67 and the isospecific monoclonal antibody MIB-1 are 
routinely used in oncology to assess the proliferation index of tumor cells, A more 
objective and sensitive method is the determination of the of Ki-67 protein-specific 
mRNA by quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). In 25 
resected colorectal adenocarcinomas of different stages and grades we determined 
between 0.2 and 4.4 amol (10(-1 8) mol) Ki-67 protein-specific rriRNA per microgram 
total RNA (median = 0.88 amol). The corresponding Ki-67 indices (expressing the 
percentage of Ki-67/MIB-I positive tumor cells) ranged from 41 to 81% (median = 61%). 
We found a good correlation between Ki-67 index and mRNA expression (r = 0.75), a 
significant correlation between both data and tumor stage (primary tumor, regional nodes, 
metastasis [pTNM] staging classification) (p < 0.001), but not between both data and 
tumor grade. Both Ki-67 indices (p = 0.05) and mRNA levels (p = 0.014) correlated 
significantly to the patients' survival. These results demonstrate that the Ki-67 protein- 
specific quantitative RT-PCR is a useful method for the characterization of tumor cell 
proliferation. 
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Molecular characterisation of carbohydrate digestion and absorption in 
equine small intestine. 

l>yer J , Fernandez-Castano Merediz E . Salmon KS , Proudman CJ, Edwards GB , 
Shirazi-Becchev SP . 

Department of Veterinary Preclinical Sciences, University of Liverpool, UK1. 

Dietary carbohydrates, when digested and absorbed in the small intestine of the horse, 
provide a substantial fraction of metabolisable energy. However, if levels in diets exceed 
the capacity of the equine small intestine to digest and absorb them, they reach the 
hindgut, cause alterations in microbial populations and the metabolite products and 
predispose the horse to gastrointestinal diseases. We set out to determine, at the 
molecular level, the mechanisms, properties and the site of expression of carbohydrate 
digestive and absorptive functions of the equine small intestinal brush-border membrane. 
We have demonstrated that the disaccharidases sucrase, lactase and maltase are expressed 
diversely along the length of the intestine and D-glucose is transported across the equine 
intestinal brush-border membrane by a high affinity, low capacity, Na+/glucose 
cotransporter type 1 isoform (SGLTl). The highest rate of transport is in duodenum > 
jejunum > ileum. We have cloned and sequenced the cDNA encoding equine SGLTl and 
alignment with SGLT1 of other species indicates 85-89% homology at the nucleotide and 
84-87% identity at the amino acid levels. We have shown that there is a good correlation 
between levels of functional SGLTl protein and SGLT1 rriRNA abundance along the 
length of the small intestine. This indicates that the major site of glucose absorption in 
horses maintained on conventional grass-based diets is in the proximal intestine, and the 
expression of equine intestinal SGLT l along the proximal to distal axis of the intestine is 
regulated at the level of mRNA abundance. The data presented in this paper are the first 
to provide information on the capacity of the equine intestine to digest and absorb soluble 
carbohydrates and has implications for a better feed management, pharmaceutical 
intervention and for dietary supplementation in horses following intestinal resection. 
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Transcript profiling of human platelets usiug microarray and serial 
analysis of gene expression. 

Gnatcnko DV , DunnJJ, McCorkle SR. Weissmann D . Perrotta PL . Bahou WF . 

Department of Medicine, Program in Genetics, State University of New York Stonv 
Brook 11794-8151, USA. ' 

Human platelets are anucleate blood cells that retain cytoplasmic mRNA and maintain 
functionally intact protein translational capabilities. We have adapted complementary 
techniques of microarray and serial analysis of gene expression (SAGE) for genetic 
profiling of highly purified human blood platelets. Microarray analysis using the 
Affymetrix HG-U95Av2 approximately 12 600-probe set maximally identified the 
expression of 2147 (range, 13%-17%) platelet-expressed transcripts, with approximately 
22% collectively involved in metabolism and receptor/signaling, and an 
overrepresentation of genes with unassigned function (32%). In contrast, a modified 
SAGE protocol using the Type IIS restriction enzyme Mmel (generating 21 -base pair 
[bp] or 22-bp tags) demonstrated that 89% of tags represented mitochondrial (mt) 
transcripts (enriched in 16S and 12S ribosomal RNAs), presumably related to persistent 
mt-transcription in the absence of nuclear-derived transcripts. The frequency of non-mt 
SAGE tags paralleled average difference values (relative expression) for the most 
"abundant" transcripts as determined by microarray analysis, establishing the 
concordance of both techniques for platelet profiling. Quantitative reverse transcription- 
polymerase chain reaction (PCR) confirmed the highest frequency of mt-derived 
transcripts, along with the mRNAs for neurogranin (NGN, a protein kinase C substrate) 
and the complement lysis inhibitor clusterin among the top 5 most abundant transcripts. 
For confirmatory characterization, immunoblots and flow cytometric analyses were 
performed, establishing abundant cell -surface expression of clusterin and intracellular 
expression of NGN. These observations demonstrate a strong correlation between high 
transcript abundance and protein expression, and they establish the validity of transcript 
analysis as a tool for identifying novel platelet proteins that may regulate normal and 
pathologic platelet (and/or megakaryocyte) functions. 
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Transcript profiling of human platelets using microarray and serial analysis 
of gene expression 
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Human platelets are anucleate blood cells 
that retain cytoplasmic mRNA and main- 
tain functionally , intact protein transla- 
tion! capabilities. We have adapted 
complementary techniques of microarray 
and serial analysis of gene expression 
(SAGE) for genetic profiling of highly 
purified human blood platelets. Microar- 
ray analysis using the Affymetrix HG- 
U95Av2 approximately 12 600-probe set 
maximally identified the expression .of 
2147 (range, 13%-17%) platelet-expressed 
transcripts, with approximately 22% col- 
lectively, involved in metabolism and re- 
ceptor/signaling, and an overrepresenta- 
tion of genes with unassigned function 
(32%). In contrast, a modified SAGE proto- 
col using the Type IIS restriction enzyme 

Introduction 



Mmef (generating 21-base pair [bp] or 
22-bp tags) demonstrated that 89% of 
tags represented mitochondrial (mt) tran- 
scripts (enriched in 16S and 12S ribo- 
somal RNAs), presumably related to per- 
sistent mistranscription in the absence of 
nuclear-derived transcripts. The fre- 
quency of non-mt SAGE tags paralleled 
average difference values (relative expres- 
sion) for the most "abundant" transcripts 
as . determined by microarray analysis, 
establishing the concordance of both 
techniques for platelet profiling. Quantita- 
tive reverse transcription-polymerase 
chain reaction (PCR) confirmed the high- 
est frequency of mt-derived transcripts, 
along with the mRNAs for neurogranin 
(NGN, a protein kinase C substrate) and 



the complement lysis inhibitor ctusterin 
among the top 5 most abundant tran- 
scripts. For confirmatory characteriza- . 
tion, immunoblots and flow cytometric 
analyses were performed, establishing 
abundant cell-surface expression of clus- 
terin and intracellular expression of NGN. 
These observations demonstrate a strong 
correlation between high transcript abun- 
dance and protein expression, and they 
establish the validity of transcript analy- 
sis as a tool for identifying novel platelet 
proteins that may regulate normal and 
pathologic platelet (and/or megakaryo- 
cyte) functions. (Blood. 2003;101:2285-2293) 
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Human blood platelets play critical roles in normal hemostatic 
processes and pathologic conditions such as thrombosis, vascular 
remodeling, inflammation, and wound repair. Generated as cytoplas- 
mic buds from precursor bone marrow megakaryocytes, platelets 
are anucleate and lack nuclear DNA, although they retain 
megakaryocyte-derived mRNAs. 1 ' 2 Platelets contain rough endo- 
plasmic reticulum and polyribosomes; and they retain the ability 
for protein biosynthesis from cytoplasmic mRNA. 3 Quiescent 
platelets generally display minimal translational activity, although 
newly formed platelets such as those found in patients with 
immune thrombocytopenic purpura (JTP) synthesize various a -gran- 
ule and membrane glycoproteins (CPs), including GPib and 
GPIJb/llla (aji b p 5 ). Furthermore, stimulation of quiescent platelets 
by agonists such as a -thrombin increases protein synthesis of 
various platelet proteins, including Bcl-3. 4 Like nucleated cells, the 
rapid translation of preexisting mRNAs may be regulated by 
integrin ligation to extracellular matrices. 5 In the case of platelets, 
the primary integrin involved in this process appears to be ct Ub ^ 3 
with cooperative signals mediated by the collagen receptor a 2 p|> 7 



Jntegrin-mediated platelet protein synthesis appears to be regulated 
at the level of translation initiation involving the eukaryotic 
initiation factor 4E (elF4E). Instead of directly influencing eIF4E 
activity via posttranslational modifications (ie, phosphorylation), 
platelet elF4E activity best correlates with its spatial redistribution 
to the mRNA -enriched cytoskeleton. 8 Furthermore, because pro- 
tein translation is partially inhibited by the immunosuppressant 
rapamycin, it suggests that adhesion- and/or aggregation-induced 
outside- in- signaling function to regulate protein synthesis through 
the mTOR (mammalian target of rapamycin) pathway. M * 9 

Despite the biologic importance of platelets and their intact 
protein synthetic capabilities, remarkably little is known about 
platelet mRNAs. Younger platelets contain larger amounts of 
mRNA with a greater capacity for protein synthesis, as determined 
by using fluorescent nucleic acid dyes such as thiazole orange. 10 
This assay has been used as a quantitative determinant of younger 
or "reticulated" platelets (RPs). Indeed increased reticulated plate- 
lets are typically found in patients with conditions associated with 
rapid platelet turnover such as 1TP; typically RP percentages in 
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such patients approach 10% to 20% of all platelets, considerably 
higher than in healthy control subjects. 1 ' Interestingly^ high RPs 
have, been associated with enhanced thrombotic risk when identi- 
fied in patients with thrombocytosis, 10 suggesting that quantita- 
tively increased mRNA levels may be associated with the prothrom- 
botic phenotype. Whether this is related to globally altered gene 
expression profiles or to select changes more evident during 
situations of rapid platelet turnover remains unknown. Certainly, 
technical limitations of this assay limit its utility in defining 
prothrombotic genotypes, 10 " 12 and it cannot identify differentially 
expressed genes that may be causally implicated in disordered 
platelet phenotypes. 

Toward the goal of defining the molecular anatomy of the 
platelet genome, we have adapted complementary techniques of 
microarray and serial analysis of gene expression (SAGE) for 
genetic profiling of highly purified human blood platelets. Microar- 
ray technology represents a "closed" profiling strategy limited by 
the target genes imprinted onto gene chips. In contrast, SAGE is an 
"open" architectural system that can be used to identify novel genes 
and to quantify differentially expressed mRNAs. 13 " 15 The sequence 
of each tag along with its positional location uniquely identifies the 
gene from which it is derived, and differentially expressed genes 
can be identified in a quantitative manner because the tag frequency 
reflects the mRNA level at the time of cellular harvest and analysis. 
By using both technologies, we have identified a number of 
previously uncharacterized genes that appear to be expressed in 
human platelets, while simultaneously establishing the dominant 
frequency of mitochondrial-expressed genomes comprising the 
platelet mRNA pool- These observations provide a panoramic 
overview of the platelet transcriptome, while additionally provid- 
ing insights into the molecular pathways regulating platelet (and/or 
megakaryocyle) function in norma) and pathologic conditions. 



Materials and methods 

Reagents and supplies 

Thermits aquaticus (Toq) polymerase was purchased from (Roche, Indianap- 
olis. IN). T4 DNA ligase was purchased from Invitrogen (Carlsbad, CA), 
and restriction enzymes were from New England Bio labs (Beverly. MA), 
except for Mme\ f which was obtained from the Center for Technology 
Transfer (Gdansk, Poland)^ All oligonucleotides were synthesized on an 
Applied Biosys terns (Foster City, CA) 3 -channel synthesizer and are listed 
in. Table ). Monoclonnl antibodies used for flow cytometric analysis 
included the FITC (fluorescein isothiocyanate)-conjugafed aoti-CD4I 
( a m$y) immunoglobulin Gl (lgGl; Immunotech, Miami, FL); phyco- 
erythrin (PE)-conjugated antiglycophorin (lgG2; Becton Dickinson Phamv 
ingen, San Diego, CA); and pcridinin chlorophyll protein (PERCP)- 
conjugated anti-CD45 (IgGl; Becton Dickinson Pharmingen). 

Platelet isolation, purification, and immunodetection 

All human subjects provided informed consent for an 1RB (Institutional 
Review Board>-approved protocol completed in conjunction with the 
General Clinical Research Center at Stony Brook University Hospital. 
Peripheral blood (20 mL) from healthy volunteers drawn into 2 mL of 4% 
sodium citrate (0.4% vol/ vol final concentration) was used to isolate 
erythrocytes by differential centrifugal ion flMWg) or to isolate pure 
leukocytes by density-gradient centrifugation as previously described.' 6 
Platelets collected from healthy volunteers by apheresis were used within 
24 hours of collection. After addition of 2 uiM EDTA (ethylenediaminetet- 
raacetic acid), apheresis- derived platelets from a single donor were 
centriruged at lAOg for 15 minutes at 25°C To minimize leukocyte 
contamination, only the upper 9/10 of the platelet-rich plasma fPRP) was 
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used for gel filtration over a BioGcl A50M column (1000 mL total volume) 
equilibrated with HBMT (HEPES-buffered modified Tyrodes buffer JO 
mM HEPES (Af-2-hydroxyeth'ylpipcrazine-Ar-2-ethanesulfonic acid) pH 
7.4, 150 mM NaCl, 2.5 mM KC1. 0.3 mM NaH 2 P0 4 , 12 mM NaHCOj, 
0.2% bovine serum albumen [BSA], 0.1% glucose, 2 mM EDTA). 
Gel-filtered platelets (GFPs) were subsequently filtered through a 5-pjn 
nonwetting nylon filament filter (BioDesign, Carmel, NY) at 25°C arid 
harvested by centrifugation at 150% for 10 minutes at 25°C. Platelets were 
gentry and thoroughly resuspended in 10 mL HBMT buffer and incubated 
with 120 uX murine monoclonal anti-CD45 antibody conjugated to 
magnetic microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) on a 
rotating platform, for 45 minutes at 25°C Magnetic separation columns 
were used* to capture CD45* cells (leukocyte fraction) by positive selection 
(MACS .11; Miltenyi Biotec). Purified platelets were concentrated by 
centrifugation at 1500g and immediately used for total RNA isolation. 

The efficiency of platelet purification was documented at each step by 
flow cytometry. 17 Briefly, aliquots containing 2 X JO 6 platelets were 
incubated with saturating concentrations of FITC-conjugated ariti-CD41, 
PE-conjugated antiglycophorin, and PER CP-conjugated anti-CD45 for 15 
minutes in the dark at 25°C, washed with phosphate-buffered saline (PBS), 
and fixed in PBS/1% formalin. Samples were analyzed using a FACScan 
(fluorescence-activated cell sorter scan) flow cytometer (Becton Dickinson) 
using CELLQuest software designed to quantify the number of CD45 + and 
grycophorin-posirjve events in the sample (expressed as the number of 
events per 100 000 CD4J + events). For some experiments, fixed platelets 
were permeabilized with 0. 1% Triton-X/PBS for 30 minutes at 25°C prior 
to the addition of primary antibodies, all as previously described.' 7 

Platelet protein detection was completed by sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis (PAGE) and immunoblot analy- 
sis as previously described, using the species-specific horseradish peroxidase- 
conjugated secondary antibody and enhanced chemiluminescence. 16 Anti- 
bodies included the anticlusterin monoclonal antibody (QuideJ, Santa Clara, 
CA; 1:1000 primary and 1:10 000 secondary) and the anlineurogranin 
rabbit polyclonal antibody (Chemicon International, TemecuJa, CA; 1 ; 1000 
primary and 1 : J 0 000 secondary). 

Molecular analyses and microarray profiling 

Purified, individual cell fractions were resuspended in 1 0 mLTrizo! reagent 
(Invitrogen), transferred into diethylpyrocarbonate (DEPC>-treated Corex 
(Springfield, MA) tubes, and serially purified and precipitated by using 
isopropahol essentially' as previously described. 16 Total cellular RNA was 
harvested by centrifugation at 12 500^ for 20 minutes at 4 6 C, washed 2 
times with 75% ethanol (10 mLAube). and resuspended in 100 u.L 
DEPC-treated water. Platelet mRNA quantitation was performed by using 
fluorescence-based real- time PCR (polymerase chain reaction) technology 
(TaqMan Real-Time PCR; Applied Biosysterns, Foster City, CA). Oligonu- 
cleotide primer pairs were generated by using Primer3 software (www- 
genome. wi.mit.edu), designed to generate approximately 200-base pair 
(bp) PCR products at the same annealing temperature, and are outlined in 
Table I. Purified platelet mRNA (4 p.g) was used for first-strand cDNA 
synthesis using oligo(dT) and Superscript 11 reverse transcriptase (Invitro- 
gen). For real-time reverse transcription (RT)-PCR analysis, the RT 
reaction was equally divided among primer pairs and used in a 40-cycle 
PCR reaction for each target gene by using the following cycle: 94 °C for 30 
seconds, 55°C for 30 seconds, 72°C for 1 minute, and 71°C for 10 seconds 
(40 cycles total). mRNA levels were quantified by monitoring real- lime 
fluorometric intensity of SYBR green I. Relative mRNA abundance was 
determined from triplicate assays performed in parallel for each primer pair 
and was calculated by using the comparative threshold cycle number (A-Ct 
method) as previously described.' 8 

Gene expression profiles were completed by using the approximately 
12 600-probc set HG-U95Av2 gene chip (Affymctrix, Santa Clara, CA). 
Total cellular RNA (5 p-g) was used for cDNA synthesis by using 
Superscript Choice system (Life Technologies, Rockville, MD) and an 
oligo(dT) primer containing the T7 polymerase recognition sequence 
(Primer SI; Table I), followed by c DNA purification using GFX spin 
columns. In vitro transcription was completed in the presence of biotinyl- 
ated ribonucleotides by using a Bio Array High Yield RNA Transcript 
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Table 1. Oligonucleotide primers 



Primer 



Gene ami primer 
direction 



Sequence (5' - 3') 



Nucleotide 
Position 



S1 


Oligo (oT) 


Cassette A 


SAGE 


Cassette B 


SAGE 


S2 


SAGE • 


S3 


SAGE 


GP4 


Glycoprotein ItB [FT 


GP5 


Glycoprotein IIB [RJ 


GP6 


Glycoprotein IIIA [F] 


GP7 


, Glycoprotein IIIA |RJ 


PAR 18 


PARI [f\ 


PAR 19 


PARI [RJ 


SR8 


IGSrRNA [F] 


SR9 


16SrRNA [RJ ■ 


NADH10 


NADH2 [FJ 


NADH11 


NADH2 [RJ 


THYM12 


Thymosin B4 (FJ 


THYM13 


Thymosin p4 [RJ 


CLUS14 


Clusterin |FJ 


CLUS15 


Clusterin (RJ . 


NRG16 


Neurogranin [F| 


NRG17 


Neurogranin [R] 




T-cell receptor 


TCR1B 


p-chain |F) 




T-cell receptor 


TCR19 


p-chain jRJ 


CD4520 


CD45[F] 


CD4521 


CD45IRJ 



5 ' - Bn - GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG- (dT) J4 -3' 

: : . . 

5 ' - TTTGGATTIX3CTGGTCGAGTACAACrAGGCTTAATCX^(^CATC - 3 ' 

3'- * CCTAAACGACT AGCTCATGTTGATCCGAATAAGGCTp- 5 ' 

5 ' - pTTCATCGCGGAGACGTCCGCCACTAGTGTCGCAACTGACTA * - 3 ' 

3 ' - NNAAGTACCTCCTCTGCAGGOGGTGATCACAGCGTTGACTGAT- 5 * 
^ 

5'-Bn-GGATTTGCTGGTCGAGTACA-3* 

S ' - Bn - TAGTCAGGTGCGACACTAGTGGC - 3 ' 

5'-AGGGCTTTGAGAGACTCATCTGTA- 3' 

5 ' - ACAATCTTGCTGTTTGGATTCTG- 3 ' 

5 ' - TATAAAGAGGCCACGTCTACCTTC - 3 ' 

5 ' - CACTTCCACATACTGACATTCTCC- 3 ' 

5 ' - AATGTCAGTTCTGATATGGAAGCA - 3 ' 

5' - CCCAAATGTTCAAA CTTCTTTAGC - 3 ' 

5 ' - TGCAAAGGTAGCATAATCA CTTGT - 3 ' 
,5'r GTTTAGGACCTGTGGGTTTGTTAG - 3 ' 

5 *- CTAGCCCCCATCTCAAATCATATAC- 3 ' 
5 ' - AATX5GTTATGTTAGGGTTGTACGG - 3 ' 
5 ' - AAGACAGAGACGCAAGAGAAAAAT - 3 ' 
5 ' -GCAGCACAGTCATTTAAACTTGAT- 3 ' 
5 * - CCAACAGAATTCATACGAGAAGG - 3 ' 
5 ' - CGTTATATTTCCrcGTCAACCTCT- 3 ' 
5 ' - GCCCTTTTAGTTAGTTCTGCAGTC- 3 ' 
5 ' - TTTTCTTTAAGTGAGTGTGCTTGG - 3 ' 

5 ' - CCACAACTATXrTTTTGGTATCGT- 3 ' 

5 ' - CTAGCA CTGCAGATGTAG AAGCT - 3 ' 
5 * - GCTCAG AATGGACAAGTA - 3 ' 
5 ' - CACACCCATACACACATACA - 3 ' 



2094^2117 
.2301-2279 
2335-2358 
2532-2509 

2585- 2608 
2776-2753 

2586- 2609 
2785-2762 
4875-4898 
5075-5052 

135-156 
336-313 
1006-1028 
1222-1199 
1351-1374 
1567-1544 

131-153 

332-310 
3771-3788 
42BCM261 



IF] indicates forward (sense) strand; (RJ. reverse (antisense) strand; Bn, biotin; p, a phosphorylated 5' end (cassettes A and B); underlining. N/aM sites in cassettes A and B; 
arrows/corresponding sequence for S2 and S3 within cassettes A and B. respectively; bold, the Mme\ site; and N, A. C. T. or G, nucleotide position based on the following 
accession numbers: glycoprotein IIB (J02764). glycoprotein IIIA (M35999). PARI (M62424), 16S rRNA and NADH2 (NC_0O1807). thymosin 04 (M17733). clusterin (M25915), 
neurogranin (X99076). TCR 8-chain (AF043182), CD45 (Y0O63S). 

•Indicates an amino-modified 3' end in both cassettes: — , not applicable. 



Labeling Kit (Enzo Diagnostics, Farmirigdale. NY), and, after metal- 
induced fragmentation, 15 u.g biotinylated cRNA was hybridized to the 
HG-U95Av2 oligonucleotide probe array for J 6 hours at 45°C After 
washing, the cRNA was detected with streptavidin-phycoerylhrin (Molecu- 
lar Probes, Eugene, OR) and analysis was completed by using a Hewlett- 
Packard Gene Array Scanner (Aflymetrix). The average difference vaJue 
(AD) for each probe set was quantified using MAS 4.01 software 
(A ffymet rix), calculated as an average of fluorescence differences for 
perfectly matched versus single-nucleotide mismatched 25-mer oligonucle- 
otides (16 to 20 oligonucleotide pairs per probe set). The software is 
designed to exclude "positive calls" in the presence of high average 
differences with associated high mismatch intensities. 

SAGE profiles 

Platelet SAGE libraries were generated essentially as previously de- 
scribed, 1 ' modified as outlined in Figure 1 for the use of Mme\ as the 
tagging enzyme." This type US restriction enzyme cleaves 20 of 18 bp past 
iis nonpaJindromic (TCCRAQ recognilion sequence, thereby genera ling 
longer tags (21- or 22-mer) than those obtained using BsmfX as the standard 
tagging enzyme (13-14 bp tags). These longer Mmel-generated lags 
potentially provide for more definitive "tag-to-gene" identification and are 
particularly useful in characterizing expression patiems in the absence of 
complete genomic sequence data (comprehensive methods detailed in Dunn 
et al' 9 ). Briefly, poly(A) mRNA was isolated from 10 u.g total platelet RNA 
using the oligo-{dT) SI primer conjugated to magnetic beads (Dynal 
Biotech. Lake Success. NY), followed by cDNA synthesis using Super- 
Script II reverse transcriptase (Inviirogen). The cDNA was then digested 



with the restriction enzyme Nla\ II (anchoring enzyme), ligated to cassette A 
using T4 DNA ligase, and, after the beads were extensively washed, the 
cDNA was digested with Mme) to release the tags from the beads. After 
purification, tags were ligated to degenerate cassette B linkers (specifically 




Figure 1. Schema outlining the modified SAGE protocol used in platelet 
analyses. The final tags are flanked by the Mailt (anchoring enzyme) CATG 
sequence, thereby providing lag- to- gene identification when exported to a relational 
database (refer to "Bioinformatic analyses* and Tabte 1 for details). 
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designed to anneaj to the nonuniform Mmel overhangs), and PCR-ampIified 
using biotinylated primers S2 and S3 for 30 cycles (95°C for 30 seconds; 
. 58°C for 30 seconds; 72°C for 30 seconds) using Platinum Taq DNA 
polymerase (Gibco BRL). A fraction (20%) of the pooled PCR products 
were then subjected to one round of linear amplification using primer pair 
S2/S3, followed by a second round of 25 amplifications using primer S2 
alone (95°C for 30 seconds, 58°C for 30 seconds, 72°C for 30 seconds). 
Primer S3 was subsequently added for one cycle (95°C for 2.5 minutes, 
58°C for 30 seconds, 72°C for 5 minutes); the latter steps were collectively 
adapted to exclude heteroduplex formation. 18 Unincorporated primers were 
removed by incubation with 200 U Escherichia coli exonucleasc I for 60 
minutes at 37°C. PCR products were then pooled and digested with NlaJW 
to release tags, and biotinylated linker arms were cleared using strepl avid in- 
coated immunoaffinity magnetic beads (DynaJ Biotech). Tags were con- 
cataroerized using 5 U/uX T4 DNA ligase, and products more than J 00 bp 
were isolated by size- fractionation in low-melting agarose gels. The DNA 
was purified by GFX spin columns, and the concatamers were cloned into 
the Sphl site of pZero (Invitrogen). After transformation into E coli TOPI 0 
cells, recombinant clones were isolated and sequenced in 96- well microliter 
plates using, an ABI 377 sequencer and AB! Prism BigDye terminatoi 
chemistry (Perkin-EImer Applied Biosystems, Branchburg, NJ). 

Bioinformatic analyses 

Functional grouping of genes detennined to be present by AfTymetrix MAS 
4.01 software was performed using a dChip program linked to the National 
Center for Biotechnology LocusLink, which is an annotated reference 
database for genes and their postulated functions. 20 Of the approximately 
12 600-probe sets represented on the AfTymetrix HG-U95Av2 Gene chip, 
functional annotations exist for approximately 8100 with the remainder 
categorized as unknown. Microarray data were visualized and analyzed 
using BRB- Array Tools software (Version 2.1), kindly developed and 
provided by Dr Richard Simon and Amy Peng (Iinus.nci.nih.gov/BRB- 
ArrayTooIs.html). A logarithmic (base 2) transformation was applied to the 
average difference values for individual data sets for determination of 
microarray concordancies. Discordancy was defined as a 2- log difference in 
the maximum log intensities between individual experiments. 

SAGE tags were extracted by using in-house SAGE software uniquely 
modified to identify Mme\ tags. The software ensures that only unambigu- 
ous 21- to 22-bp tag sequences are extracted for transcript profiling. Tags 
with ambiguities (Ns), lengths other than 21 or 22 bp, or with ambiguous 
orientations were exiracted to separate files for manual editing or further 
examination. Finalized data were exported to a relational database for tag 
quantification and genetic identification. 70 



Results 

Platelet purification 

To ensure that the RNA profiles accurately represented those of 
circulating blood platelets, a number of complementary methods 
were implemented to remove contaminating nucleated leukocytes. 
Purification methods incorporating gel filtration, a 5-u.m leukocyte 
reduction filter, and magnetic CD45 immunodepletion allowed for 
the cumulative enrichment of highly purified platelets. The efficacy 
of this purification method was initially established by using 
peripheral blood platelet-rich plasma as the starling material. The 
final product contained no more than 3 to 5 leukocytes per I X 10 5 
platelets as determined by parallel flow cytometric analysis, 
represent ing an approximate 450- fold reduction of nucleated 
leukocytes. These results correlated well with molecular evidence 
for leukocyte depletion as determined by RT-PCR using both CD45 
and T-cell receptor 0-chain (TCR0) primers (see Figure 2). 
Because the total RNA yield from peripheral blood platelets was 
insufficient for microarray studies, wc adapted the protocol lo 
platelet apheresss donors with nearly identical final purity (Figure 



A B 




Figure 2. Determination of platelet purity. (A) Total cellular RNA (1.8 ng) from 
platelet-rich plasma (PRP) or purified platelets from a single apheresis donor were 
analyzed by RT-PCR (35 cycles) using oligonucleotide primers specific for glycopro- 
tein lib (GPIIb), T-ceil receptor p-cham (TCRp). or CD45; to nL of the 50 nL reactions 
were analyzed by ethidium-stained agarose gel electrophoresis. Minimal to no TCRp 
gene product was visually evident only in PRP. Size markers corresponding to 
HaeHl^estncted 40(174 DNA are shown. (B) Real-time RT-PCR was completed by 
using 1.8 p.g total RNA and TCRp-specific oligonucleotide primers optimized for 
quantitative anatysis by real-time PCR." On the basis of parallel determinations 
using RNA isolated from known amounts of purified leukocyte standards, the 
leukocyte-depletion protocol represents an approximate 2.5-log purification from the 
starting PRP. Results are representative of one complete set of experiments repeated 
on 2 separate occasions, and data points represent the mean from triplicate wells, 
with standard errors of the mean (SEM) less than 1 % {not shown). 

2). The platelet recovery was nearly 65% of the starting material, 
yielding approximately 2.3 X 10 n platelets from an initial aphere- 
sis pack containing approximately 3.6 X 10" platelets. The bulk of 
the losses occurred during the initial centrifugation and filtration 
steps. The purification protocol was less effective at removing 
erythrocytes, although there were less than 50 glycophorin-positive 
cells per J X JO 5 platelets after the final purification step. Nonethe- 
less, these cells represent unlikely sources for contaminating 
cellular RNA (see "Cellular microarray analysis" below). 

Cellular microarray analysis 

The purified platelet RNA was sufficient for microarray studies and 
was used for cRNA generation and hybridization to the AiTymetrix 
HG-U95Av2 GeneChip. The anatomic profile of platelet RNAs 
from 3 healthy male donors was determined by using AiTymetrix 
software. Of the 12 599 probe sets imprinted onto the chip, a 
maximum of 2147 (17%) transcripts were computationally identi- - 
fied as "present" by the Affyrnetrix software, 152 (1.2%) were 
equivocal, and nearly 82% were absent. As a fraction of the total 
genes present on the chip, the percentage of platelet-expressed 
genes (15%- 17%) was generally lower than that obtained from 
other human cell types in which 30% to 50% of genes are present as 
determined by Afrymetrix software (J. Schwedes, personal commu- 
nication, May 2002). The "limited number" of platelet- ex pressed 
transcripts presumably reflects the lack of ongoing gene transcrip- 
tion in the anucleate platejet. Because less than 1% of circulating 
red blood cells contain residual RNA, it is unlikely that any of these 
transcripts are erythrocyte derived, although this was formally 
addressed by isolating total cellular RNA from 20 mL of whole 
blood (corresponding to an — 3-log fold excess of erythrocytes than 
that identified in our final sample). The total cellular yield of RNA 
from this starting material was approximately 250 ng, suggesting 
that less than 1 ng erythrocyte-derived RNA was present in the 
purified platelet preparations. Despite this, however, both a- and 
0-globin transcripts— along with both the ferritin heavy and light 
chains— were identified as abundant transcripts (Table 2). Al- 
though the most parsimonious explanation would be residual contami- 
nating reticulocytes, this is not supported by our erythrocyte contami- 
nation estimates, and their significance remains unresolved. 

As a means of better dissecting the molecular anatomy of the 
platelet, expressed genes were grouped on the basis of assigned 
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Table 2. Top 50 human platelet-expressed genes 





Gene symbol 


AD values, range* 


Gene transcriptt 


Leukocyte expression? 


' M 17733 


TMSB4X 


140 142-307 852 


Thymosin p4 mRNA. complete cds 


+ 


X99076 


NR6N 


101 510-148 279 


Neurograntn gene 


+ 


M25079 


HBB 


40 839-229556 


B-globin mRNA, complete cds 


+ 


M25915 


CLU 


84 720-140 246 


Complement cytofysis inhibitor (clusterin) complete cds 




J04755 


FTHP1 


82 980-148 621 


Ferritin H processed pseudogene, complete cds 




D78361 


OA21 


73098-118 140 


mRNA for ornithine decarboxylase antizyme 




X04409 


GNAS 


77 761-94 781 


mRNA for coupling protein G(s) a-subunit (atpha-S1) 




M25897 


PF4 


62 811-126 908 


Platelet factor 4 mRNA, complete cds 




AB021288 


B2M 


61 689-108 921 


p2-microglobufin 


+ 


X00351 


ACTB 


25 143-73 775 


mRNA for 0-actin 




D21261 


TAGLN2 


76 687-101 931 


mRNA for KIAA0120 gene 


+ 


AL031670 


FTLL1 


69 865-99 966 


Ferritin, light polypeptide i 


+ 


U59632 


GPIIB 


41404-110 328 


Platelet glycoprotein IbB chain mRNA 




M21121 


CCL5 


47 308-106 399 


T-cetl-specific protein (RANTES) mRNA, complete cds 


■ ~ 


X13710 


GPX1 


41 318-96 878 


UnspBced mRNA for glutathione peroxidase 


— 


J00153 


HBA1 


21 326-144 201 


Alpha globin gene cluster on chromosome 16 


+ 


M22919 


MYL6 


46 337-106 833 


Nonmusde/srnooth muscle alkali myosin light chain gene 


+ . ; 


L20941 


FTH1 


52 787-74 763 


Ferritin heavy chain mRNA, complete cds 


- 


J03040 


SPARC 


51 156-74 261 


SPARC/osteonectin mRNA, complete cds 


- 


X56009 


GNAS 


45 543-72 096 


GSA mRNA for a subunil of GsGTP binding protein ' 




X58536 


HLA 


31 183-82 613 


mRNA for major HLA class I locus C heavy chain 


. + 


M54995 


PPBP 


46 571-67 169 


Connective tissue activation peptide III mRNA . 




U34995 


GAPD 


35095-70 250 


Normal keratinocyte substractbn library mRNA, clone H22a 


+ 


L40399 


MLM3 


32 107-73 364 


Clone zapl 1 2 (mulL protein homolog 3) mRNA 




X77548 


NCOA4 


31 452-61 036 


cDNA for RFG (RETproto-oncogene RET/PTC3) 


- 


U90551 


H2AFL 


35 086-51 892 


Histone 2A-like protein (H2A/1) mRNA 




M11353 


H3F3A 


31 614-55 813 


H3.3 histone class C mRNA 


- 


212962 


RPL41 


36 003-54 853 


mRNA for homologue to yeast ribosomal protein L41 


. • + 


X06956 


TUBA1 


20 988-61 798 


HALPHA 44 gene for a -tubulin 


• 


AB028950 


TLN1 


24 571-58 611 


mRNA for KIAA 1027 protein 




Y12711 


PGRMC1 


33 680-43 174 


mRNA for putative progesterone binding protein 


- 


M16279 


MIC2 


30 894-48 166 


Integrated membrane protein (MIC2) mRNA 


- - 


D78577 


YWHAH 


. -24 785-50 437 


Brain 14-3-3 protein B-chain 




AF070585 


TOP3B 


20 027-67 945 


Clone 24675; unknown cDNA 




AA524802 


Unknown 


23 846-39 481 


CDNA, IMAGE clone 954213 




AB0090tO 


UBC 


28 745-38 389 


mRNA for polyubiquitin UbC 


+ 


X57985 


H2AFQ 


21 678-52 108 


Genes for histones H2B. 1 and H2A 




X54304 


MLCB 


25 733-34 109 


mRNA for myosin regulatory light chain 




M14539 


' F13A1 


23 691-48474 


Factor XIII subunit n-polypeptide mRNA, 3' end 




AI540958 


Unknown 


24 872-41 118 


cDNA. PEC 1.2_15_HOI.r 5' end /cton 




AL050396 


FLNA 


13 634-55 235 


cDNA DKFZp 586K1720 




X56841 


HLA-E 


12 890-49 327 


Nonctassical MHC class 1 antigen gene 




M26252 


PKM2 


15450-47 786 


TCB (cytosolic thyroid hormone-binding protein) 




M 14630 


PTMA 


19 314-45 088 


Prothymosin alphamRNA 




AF 045229 " 


RGS10 


19 156-34 243 


Regulator of G protein signaling 10 mRNA 




AA477898 


Unknown 


16 863-44 756 


cDNA.2S34f08.rl 5' end 




X95404 


FL1 


15 216-37 456 


mRNA lor nonmuscle type cofilin 




M34480 


ITGA2B ' 


8 627-45 495 


Platelet glycoprotein lib (GPIlb) mRNA 




Z83738 


H2BFE 


18 001-31 306 


HH2B/e gene 




L 19779 ■ 


H2AFO 


17 319-38 951 


Histone H2A.2 mRNA, complete cds 





'Gene expression quantifications were calculated as the average difference (AD) value (matched versus mismatched oligonucleotides) for each probe set using Affymetrix 
GeneChip software, version 4.01. The range of values from 3 distinct platelet microarrays is shown; the normalization value for alt microarray analyses was 250. 

1 Transcripts are rank-ordered (highest to lowest) using BRB-ArrayTools software by log- intensities of AD values obtained from 3 different healthy donors; 33 of the top 40 
transcripts were listed among the top 50 in all 3 microarray sets. 

1 Leukocyte expression was determined by microarray analysis using purified peripheral blood leukocytes, followed by construction of rank-intensity plots tor comparison to 
platelet top 50 transcripts. 20 Top leukocyte-derived transcripts identified within the ranked top 50 platelet transcripts are depicted by a (+ ) present, or (- ) absent. 

cds indicates coding sequence. 



gene annotations, and this analysis was used to provide a pan- 
oramic definition of the platelet transcr iptome. Of the genes that 
could be cataloged within assigned "clusters."' those involved in 
metabolism (11%) and receplor/signaling (11%) represented the 
largest groups. Also evident in these analyses is the relatively large 
percentage of genes involved in functions unrelated to these key 
groups (ie, miscellaneous, 25%). and the overreprescntation of 
genes with unknown function (32%) as annotated by Affymetrix 



and RefSeq databases. 71 These results identify a vast array (nearly 
one half) of platelet genes (and gene products) that presumably 
have important, but poorly characterized functions, in platelet 
and/or megakaryocyte biology. 

Although microarray analysis is not truly quantitative, rank- 
ordering using the mean log- intensities from 3 independent microar- 
ray analyses allowed for the categorization of the top platelet 
transcripts (Table 2). Computational analyses demonstrated that 
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only 10 of the lop 100 genes were discordant among the 3 platelet 
microarrays, although 71 of 100 genes were discordant between 
platelet and leukocyte arrays. An inventory of the top 50 platelet 
genes is listed in Table 2, which also delineates those found to be 
highly expressed in peripheral blood leukocytes by parallel microar- 
ray experiments with this purified cellular fraction (data not 
shown). Further analysis of these cell subsets demonstrated that 
approximately 25% (n = 547) of the total platelet transcripts were 
platelet restricted. Furthermore^ only 10 of the 50 most highly 
expressed genes were found to overlap, confirming the distinct 
cellular profiles of each transcriptome. Of the 12 overlap genes, 3 
corresponded to globin or ferritin chains (again suggesting the 
presence of contaminating reticulocytes in both purified fractions), 
and another 4 were involved in actin cytoskeletal reorganization 
and human leukocyte antigen (HLA) expression, gene products that 
regulate critical functions in both cell types. Given the importance 
of cytoskeletal reorganization in downstream platelet activation 
events, it is not unexpected that components of the actin machinery 
system would demonstrate prominent transcript expression. PreviV 
ous estimates suggest that 20% to 30% of the total platelet 
proteome is comprised of actin with other components such as 
actin-binding protein, mysosin, and talin accounting for an addi- 
tional 2% to 5% of the total protein. 1 - 22 The mRNAs encoding the 
actin-related machinery are overrepresented in our microarray 
analysis, with 8 such transcripts found among the 50 highest 
platelet-expressed genes. Interestingly thymosin p4 demonstrated 
the highest expression pattern. In unstimulated platelets, 30% to 
40% of actin is polymerized as F-actin, 22 whereas the balance of 
actin monomers (G-actin) are polymerization inhibited by seques- 
tering proteins such as profilin (100 jxM) and thymosin £4 (600 
p.M). 23 The high thymosin 04 transcript expression not only 
correlates with its known abundance in platelets but also supports 
the importance of actin inhibitory proteins in maintaining the 
nonstimulated state of circulating platelets. 

Platelet SAGE analyses 

Although these initial studies identified the distribution and relative 
expression patterns of the genes within the Asymetrix data set. 
they do not allow for analyses of genes that arc unrepresented by 
these oligonucleotide chips. Unlike closed microarray profiling 
strategies, SAGE is an open architectural system that is ideally 
suited for novel gene and pathway identification. Accordingly, the 
platelet RNA used for microarray studies was used for platelet 
SAGE. A total of 2033 tags were initially cataloged, of which 1800 
(89%) corresponded to mitochondriaKderived genes. These results 
were quite different from those obtained by microarray analyses, 
but the discrepancy can be resolved by the nonrepresentation of the 
mitochondrial genome on the gene chip. The mitochondrial ge- 
nome is a compact approximately 16.6-kiIobase (kb) sequence 
encoding J 3 genes and 2 ribosomal subunits. 2 * Primary mitochon- 
drial transcripts are polycistronic and typically contain premature 
termination or unpredictable splice sites., resulting in multiple 
polyadenylated transcripts from individual genes. 24 - 75 Indeed, the 
overall distribution of platelet-derived mitochondrial SAGE tags is 
quite similar to that found in muscle. 25 All 13 genes containing 
NhlU sites were delected, whereas neither of the non~A7oIll- 
containing genes were identified (nicotinamide adenine dinucleo- 
tide JNADH] dehydrogenase subunit 4L and adenosine triphos- 
phatase |ATPase] S). Most of the lags were from the 16S and I2S 
ribosomal RNAs — which collectively accounted for 68% of the 
total mitochondrial lags — with the fewest lags represenied by 
NADH dehydrogenase subunits 3. 5, 6. and cytochrome c oxidase 1 
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Figure 3. Schema of the mitochondrial genome with SAGE tag distributions 
(only tags with identical matches are displayed). The abundance of the SAGE 
tags (n = 1600) at individual Mtelll sites (arrows) within the mitochondrial heavy 
strand is shown on the bottom, whereas those tags corresponding to the mttochon- 
drial light strand are delineated above the arrows {the presence of an unaccompanied 
arrow implies no SAGE tags at that Nfoifl site). The gene products of mt-DNA 
(RefSeq accession no. NC_0018O7) are delineated by the open rectangles, whereas 
stippled boxes represent tRNA genes and control regions (the single tag represented 
by the [*1 refers to mitochondrial transfer RNA-serine). Note that NADH6 is encoded 
by the fight strand and that there are no A/felll sites within the ATPaseB gene segment. 
COInl cytochrome c oxidase subunit; Cyt b, cytochrome b. 

(Figure 3). The NADH dehydrogenase subunit 6 RNA is the only 
„ mRNA encoded by the light (L) strand of mitochondrial DNA and 
was the least abundantly detected transcript. 

The unusually high preponderance of mitochdndrial-derived 
genes is not inconsistent with the known enrichment of these 
genomes in human platelets, 1,24 and presumably reflects persistent 
transcription from the mitochondrial (mt) genome in the absence of 
nuclear-derived transcripts. This overrepresentation of mtDNA in 
platelets is considerably greater than that of its closest cell type 
(skeletal muscle), in which mt genomes represent approximately 
20% to 25% of all SAGE tags. 25 Interestingly, the energy metabo- 
lism of platelets is not dissimilar from that of skeletal muscle, both 
cell types actively using glycolysis and large amounts of glycogen 
for ATP generation. 26 Like muscle, platelets are metabolically 
adapted to rapidly expend large amounts of energy required for 
aggregation, granule release, and clot retraction. Similar to the 
situation in all eukaryotic cells, platelet mitochondria represent the 
primary source of ATP, which is generated from oxidative phosphor- 
ylation reactions occurring within these organelles. Mitochondria 
are also responsible for most of the toxic reactive oxygen species 
generated as by-products of oxidative phosphorylation and are 
central regulators of the apoptotic process in other cellular types. 
The mtDNA encodes polypeptides found within 4 of the 5 
multifunctional complexes that regulate oxidative phosphorylation 
within the platelet mitochondria. 27 Whether the continued genera- 
tion of these polypeptides has a role in platelet energy metabolism 
and/or the apoptotic mechanisms regulating platelet survival re- 
mains speculative, although not inconsistent with our observations. 

Comparative analysis of SAGE and microarray 
transcript abundance 

Complete SAGE libraries require the sequencing of up to 30 000 
tags for an exhaustive cataloging of individual mRNAs, especially 
those with limited copy numbers.' 3 ' 38 Given the preponderance of 
mt-derived transcripts, comparable sampling would have required 
sequence analysis of nearly 300 000 SAGE tags, an inordinate 
number for comprehensive analysis of the platelet transcriptome. 
For platelets, alternative methodologies incorporating subtractive, 
SAGE will be required for more comprehensive transcript profil- 
ing. 2y Our initial sampling of nonmitochondrial genes remains 
informative, however, and entirely consistent with the results of 
platelet microarray smdies. As shown in Table 3, SAGE tags for the 
genes encoding thymosin 04, 02-microgIobulin, neurogranin, and 
the platelet glycoprotein lb0 polypeptide were among the most 
frequently identified platelet genes, similar to the rank-ordered 
results determined by microarray analysis. To formally confirm the 
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Table 3. SAGE-identified nonmitochondrial tags 



Frequency 


CATG + SAGE lags" 


Accession no t 


Gene 


Wicroarrayt 


26 


GTTGTGGTTAATCTGGT 


NM_ 004043.1 


p2-microglobuRn (B2M), mRNA 


PPP 


21 


TTGGTGAAGGAAGAAGT 


NMJD21 109.1 


Thymosin B4. X chromosome (TMSB4X), mRNA 


P 


8 


AGCTCCGCAGCCAGGTC 


NM_ 002620.1 


Pfalelet factor 4 variant 1 (PF4VT), mRNA . 


P 


8 


AGCTCCGCAGCCGGGTT ^ 


NM_002619.1 


Platelet factor 4 (PF4), mRNA 


P 


7 


TGTATAAAGACAACCTC 


NM_002704.1 


Proplatelet baste protein (p-thfombogtobufin) 


Pp 


5 


GGGCACAATGCGGTCCA 


NM_000407.1 


Glycoprotein Ibp polypeptide, mRNA 


P 


3 


AGGTAATAAAAGGTAAT 


NM_003512.1 


H2A hislone family^ member L (H2AFL), mRNA 


P 


3 


AGTGGCAAGTAAATGGC 


NM_021 914.2 


Cofilin 2 (musclej (CFL2), mRNA 


N/A . 


.3 


TGACTGTGCTGGGTTGG 


NM_006 176.1 


Neurogranin (protein kinase C substrate, RC3) mRNA 


P 


3 


TTGGGGTTTCCTTT ACC 


NM_ 002032.1 


. Ferritin,, heavy polypeptide 1 (FTH1), mRNA 


P 


2 


CCCTTGTGACTACCTAT 


NM_ 025 158.1 


Hypothetical protein FU22251 (FLJ22251), mRNA 


N/A 


2 


CCTGTAACCCCAGCTAC 


NM_032779.1 


Hypothetical protein FLJ14397 (FLJ14397), mRNA 


N/A 


2 


CTTGTAGTCCCAGCTAC 


NM_01 7962.1 


Hypothetical protein FLJ20825 (FLJ20825); mRNA 


N/A 



•Unique tags identified more than once. 

1 Refers to the RetSeq accession no. 21 Note thai this number does not necessarily correspond to the accession no. provided by Affymetrix software annotations (Table 1). 

^Presence (P) or absence (A) is based on results from 3 distinct platelet microarray experiments. Capitalized "P" designates a gene that is in the top 50 on all 3 microarray 
experiments, whereas small "p* designates those transcripts not in the lop 50. Two of the genes (^-microglobulin and pMhrc*nboglobulin).are represented by 3 and 2 probe 
sets, respectively, on the HG-U95Av2 gene chip; for 02-M, all 3 probe sets were in the top 50 genes, whereas for thymosin B4 1 of 2 was in the top 50 for all experiments {the 
other probe set was in the top 75 tor all experiments). N/A indicates oligonucleotide not present on Affymetrix HG-U95Av2 gene chip. 

sented here. Overall, a total of 126 unique tags were identified, the 
majority of which (94) were represented only once. Of the total 
unique tags, nearly one half represented novel genes hot present on 
the Affymetrix U95Av2 GeneChip. Of the genes with unique tags 
identified more than once, there was excellent concordance with 
microarray expression analysis, with nearly all of the SAGE tags in 
Table 3 corresponding to platelet top 75 microarray transcripts. The 
platelet factor (PF) 4 variant represents a single aberration because 
this was rank-ordered approximately 350 by microarray, although 
its SAGE tag frequency was identical to that of the predominant 
PF4 transcript. The lack of extensive nonmitochondrial SAGE 
sampling precludes any further extrapolations from this apparent 
aberration. Of note, a subset of these tags had long poly(A) tracts, 
although they all corresponded to genes identified in the RefSeq 
database. 21 We cannot exclude the possibility of a SAGE artifact 
for this small subset of. tags (—2%, representing 46 of 2033 tags), 
although the authenticity of . the vast majority of tags (—98%) 
clearly validates the methodology, these tags are most likely 
explained by the unique biology of the platelet (ie, mRNA decay in 
the absence of de novo transcription) or to mRNA degradation 
occurring during the extensive purification methods. In summary, 
even with a remarkably limited sampling, the power of this 
approach in gene identification of relatively abundant and less 
abundant transcripts is evident. It is clear, however, given the 
unique molecular anatomy of the platelet (ie, abundance of 
mitochondrial transcripts), that SAGE adaptations will be required 
for more comprehensive genetic profiling. 29 

Protein immurioanarysis of platelet clusterin and neurogranin 

Although most of the "mosl abundant" transcripts would conform 
to a priori predictions for platelet-expressed mRNAs, a number of 
transcripts were identified that had been poorly characterized in 
human platelets. To further establish the authenticity of highly 
expressed transcripts such as clusterin and neurogranin, confirma- 
tory protein analyses were completed. As shown in Figure 5, both 
proteins were clearly detected in purified platelet lysates; further- 
more, their cellular platelet distributions conformed to those 
predicted based on previously proposed functions. Note for ex- 
ample that clusterin — functionally characterized as a complement 
lysis inhibitor able to block the terminal complement reaction — is 
primarily expressed on the extracellular platelet membrane/ 0 



results independently obtained by SAGE and microarray analysis, 
quantitative RT-PCR was completed by using oligonucleotide 
primers specific for 2 abundant mitochondrial transcripts, 16S 
rRNA and NADH2 thymosin 04 (high-abundance by microarray 
and SAGE), 2 incompletely characterized high-abundance tran- 
scripts (neurogranin and clusterin; see "Protein immxmoanalysis of 
platelet clusterin and neurogranin"), a low-abundant transcript 
(T-cell receptor 0- polypeptide), and the genes encoding proteins , 
with well-established quantitative determinations (ie, glycoprotein 
a nB03 ["-50 000 receptors/platelet]; protease-activated receptor- 1 
(PARI) [~ 1800 receptors/platelet]).' As shown in Figure 4, these 
analyses reveal excellent concordance between SAGE and microar- 
ray studies, demonstrating the predominant frequency of the 
mitochoridrial-derived 16S rRNA/NADH2 transcripts, with incre- 
mentally lower expression of other transcripts as initially demon- 
strated by microarray ( 1 6S > NADH2 > thymosin 04 > neurogra- 
nin > clusterin > a MB 0.i > PAR 1 > TCR0). 

Given the small number of nonmitochondrial SAGE tags 
available for analysis (n = 233), limited conclusions can be drawn 
using traditional (nonsubtraction) platelet SAGE libraries as pre- 
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Figure 4. Quantitative real-time RT-PCR analysis of platelet transcripts. Real- 
time RT-PCR was completed by using purified platelet RNA and oligonucleotide 
primer pairs specifically designed using Primer3 software to generate similarly- sized 
(~200-bp) PCR products, optimized to the same annealing lemperature. In graph. 
(□) represents lib. (■) represents Ilia. {£) represents PARI, (A) represents 16S 
rRNA. (V) represents NADH2. {▼) represents thymosin, {O) represents clusterin, (♦) 
represents neurogranin. and (•) represents TCR(J. Curves are representative of one 
complete set of experiments (repeated twice), and line plots reflect average 
determinations from 3 weds performed in parallel with SEM less than 1% lor all 
data points. 
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Figure 5. (mmunoanalysis of platelet neurogranin and 
dusterin. (AD) GeMittefed phrtefets were either fixed in 
3,7% formaldehyde (r»npemiBQbai2sd) or feted With permo- 
abi&zatron in the presence of 0.1% Tritori-X; fbflowed by flow 
cytometric 3narysis using anbdustom. anti-ttbWa, or arrtineu- 
rogranin antibodies and the rTfC-conjugated species- 
specific secondary antibody (in C ^ FTTCconjugated 
antirabbft and antimouse controfe are essentia!*/ superim- 
posed). (E-f) Ten rrocrograrns of sotubfced HepG2 cefls 
(hepatocyte ceB fine), human brain, or purified ptatetet rysates 
wen? anaryzed by SDS-PAGE. t7 and frnmunoWot anatysis 
were completed by using 1:1000 dfeitibns of either antineuro- 
granin (18% SDS-PAGE) or artkAjsterin (8% SDS-PAGE) 
antibodies. The antidusterin antibody recognized 2 platelet 
immunoreadive species under, shorter exposure. Although 
the relative neurogranin and dusterin protain abundances 
are suboptiniafly quantified by ffiese.ariaryses, platelet ctus- 
terin appears to demonstrate oonsirJakrte expression when 
compared with that previously identified in hepetocytes. 31 



Given the importance of complement activation in platelet destruc- 
tion, the prominent expression of cell-surface clusterin might 
suggest a role for this protein in normal and pathologic events 
regulating platelet survival. Interestingly, a clusterin-deficient 
knockout mouse has been generated that demonstrates enhanced 
cardiac dysfunction in a model of autoimmune myocarditis. 3 ' 
Although these mice apparently have normal baseline hemograms 
(B. Aronow, personal communication, October 2002), it remains 
unestablished if they would be predisposed to immune-type 
thrombocytopenia in systemic models of autoimmunity. 

Similarly, the gene encoding an intracellular effector protein 
that may have key roles in downstream platelet activation events 
has now been demonstrated to have abundant transcript expression 
in human platelets. Neurogranin is a highly expressed platelet 
transcript with its gene product demonstrating a primarily intracel- 
lular pattern of distribution. Neurogranin is generally described as a 
brain-specific, Ca 2+ -sensitive calmodulin-binding phosphoprotein 
' that is preferentially expressed in neuronal cell bodies and den- 
drites. 32 - 13 It is a specific protein kinase C (PKC) substrate that can 
also be modified by nitric oxide and other oxidants to form 
intramolecular disulfide bonds. Both its phosphorylation and 
oxidation state attenuate its binding affinity for calmodulin. 33 In 
stimulated platelets, PKC generation is linked to various activation 
pathways such as calcium-regulated kinases, mitogen-activated 
protein (MAP) kinases, and receptor tyrosine kinases.' Thus, these 
observations suggest that platelet neurogranin may function as a 
previously unidentified component of a PKC-dependent activation 
pathway coupled to one (or more) of these effector proteins. 



Discussion 



a mixed population of variably aged platelets, a "static'* mRNA 
profile represents an average of this heterogeneous blood pool. 
Despite these potential limitations, the corhbination of genomic 
and proteomic technologies are likely to provide powerful tools for 
the global analysis of platelet function. Current strategies for 
cataloging "whole cellular proteomes" are generally accomplished 
by using 2 developing methodologies:,( 1 ) high resolution 2-dimen- 
sional polyacryl amide gel electrophoresis (2-DE) with mass spec- 
trometric sequence identification, 34 and (2) microcapillary liquid 
chromatography with tandem mass spectrometry (uJLC-MC/ 
MC). 35 Further modifications of both procedures have been devised 
for direct comparative studies between 2 cellular proteomes. The 
introduction of 2-DE differential gel electrophoresis has now made 
it possible to detect and quantify differences between experimental - 
sample pairs resolved on the same 2-dimensional gel. 36 Likewise, 
the application of isotope-coded affinity tags to uXC-MC/MC 
represent a novel means of quantitative analyses between cellular 
proteomes. 37 The success of both approaches relies on the availabil- 
ity of comprehensive genomic databases and mathematical algo- 
rithms for optimal protein identification. Indeed, mathematical 
modeling studies have demonstrated the need to delineate both 
protein and mRNA expression levels for optimal definition of 
intracellular networks. 38 Our. data present an initial framework for 
delineating platelet function by defining the molecular anatomy of 
human platelets, information that is likely to provide important 
clues into the dynamic protein interactions regulating normal and 
pathologic platelet functions. Furthermore, because the platelet 
transcriptome mirrors the mRNAs derived from precursor 
megakaryocytes, these analyses may provide insights into the 
biochemical and molecular events regulating megakaryocytopoi- 
esis and/or proplatelet formation. 



These data provide documentation for a unique platelet mRNA 
profile that may provide a tool for analyzing platelet molecular 
networks. Nonetheless, the molecular analysis of the platelet 
transcriptome may be confounded by the constant decay of 
mRNAs in the absence of new gene transcription, a situation that 
may. for . example, limit the identification of low-abundance 
transcripts. Similarly, because the circulating platelet pool contains 
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Expression level of Ubc9 protein in rat tissues. 
Colchiowski F, Szulc A. Sakowicz M. Szutowicz A. Pawelczvk T . 

Department of Molecular Medicine, Medical University of Gdansk, 80-21 1 Gdansk 
Poland. ' . • - ' 

Ubc9 is a homologue of the E2 ubiquitin conjugating enzyme and participates in the 
covalent linking of SUMO-1 molecule to the target protein: In this report we describe a 
simple and efficient method for obtaining pure human recombinant Ubc9 protein The 
purified Ubc9 retained its native structure and was fully active in an in vitro sumoylation 
assay with the promyelocyte leukaemia (PML) peptide as a substrate. In order to better 
understand the physiology of Ubc9 protein weexamined its levels in several rat tissues 
Immunoblot analyses performed on tissue extracts revealed quantitative and qualitative 
differences in the expression pattern of Ubc9. The Ubc9 protein was present at a high 
level in spleen arid lung. Moderate level of Ubc9 was detected in kidney and liver. Low 
amount of Ubc9 was observed in brain, whereas the 18 kDa band of Ubc9 was barely 
visible or absent in heart and skeletal muscle. In heart and muscle extracts the Ubc9 
antibodies recognized a 38 kDa protein band. This band was not visible in extracts of 
other rat tissues. A comparison of the relative levels of Ubc9 mRNA and protein 
indicated that the overall expression level of Ubc9 was the highest in spleen and lung. In 
spleen, lung, kidney, brain, liver arid heart there was a good correlation between the 1 8 
kDa protein and Ubc9 mRNA levels. In skeletal muscle the Ubc9 mRNA level was 
unproportionally high comparing to the level of the 18 kDa protein. The presented data 
indicate that in the rat the expression of the Ubc9 protein appears to have some degree of 
tissue specificity. 
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Protein abundancy and mRNA levels of the adipocyte-rype fatty acid 
binding protein correlate in non-invasive and invasive bladder transitional 
cell carcinomas. 

Gromova I. Grotrtov P . Wnlf FT r^jri? 

Department of Medical Biochemistry and Danish Centre for Human Genome Research 
The University of Aarhus, Aarhus C, Denmark. 

The adipocyte type fatty acid-binding protein (A-FABP) is a small molecular weight fatty 
acid-binding protein whose expression correlates both with the grade of atypia and the 
stage of bladder transitional cell carcinomas (TCCs). To determine if the protein 
abundancy correlates with the mRNA levels in non-invasive and invasive lesions we 
have analysed fresh TCCs (grade II, Ta; grade III, T2A) by two-dimensional ' 
polyacrylamide gel electrophoresis (2D-PAGE) and measured the mRNA levels using the 
reverse transcription linked polymerase chain reaction (RT-PCR). Overall, the results 
showed a good correlation between protein abundancy and mRNA levels, indicating that 
the lack of expression of the protein observed in some lesions reflects low levels of 
transcription of the A-FABP gene rather than translation^ regulation. In addition our 
studies showed that the loss of A-FABP protein observed in some tumors is not ' 
compensated by an increase in the skin fatty acid-bindingprotein P A-FABP as is the 
case in the A-FABP knockout mice. . . • ' 
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Abstract The adipocyte type fatty acid-binding protein (A- 
FABP) is a small molecular weight fatty acid-binding protein 
whose expression correlates both with the grade of atypia and 
the stage of bladder transitional cell carcinomas (TCCs). To 
determine if the protein abundancy correlates with the 
mRNA levels in non-invasive and invasive lesions, we have 
analysed fresh TCCs (grade II, Ta; grade III, T 2 J by two- 
dimensional polyacrylamide gel electrophoresis (2D-PAGE) 
and measured the mRNA levels using the reverse transcription 
linked polymerase chain reaction (RT-PCR). Overall, the 
results showed a good correlation between protein abundancy 
. and mRNA levels, indicating that the lack of expression of 
the protein observed in some lesions reflects low levels of 
transcription of the A-FABP gene rather than translational 
regulation. In addition, our studies showed that the loss of A- 
FABP protein observed in some tumors is not compensated 
by an increase in the skin fatty acid-binding protein PA- 
FABP, as is the case in the A-FABP knockout mice. 

Introduction 

Bladder cancer accounts for 4,7% of all human cancers 
diagnosed. The spectrum of bladder tumors is broad with 
various histological types that include transitional cell 
carcinomas (TCCs), squamous cell carcinomas (SCCs), and 
adenocarcinomas (1-3). TCCs are by far the most prevalent 
tumors as they represent nearly 95% of all bladder cancers in 
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the Western Hemisphere. At first presentation, about 70% of 
the urinary bladder TCCs are diagnosed as differentiaicd 
superficial lesions that are confined cither to the mucosa 
(Ta), or to the underlying connective tissue (T,). The rest 
correspond to highly invasive, poorly differentiated tumors. 

Non-invasive TCCs occur as two distinct growth patterns, 
papillary and non-papillary (flat) lesions that display 
significant differences in their malignant' potential and that 
are believed to originate from different genetic alterations 
(4-6). Papillary carcinomas usually correspond to low-grade 
lesions which frequently recur multiple times. These tumors 
begin as areas of hyperplasia that later undergo a process of 
dedifferentiation (grades MV). Invasive tumors may arise 
from these lesions, but often are derived from non-papillary 
carcinoma in situ that usually is of high grade at presentation - 
and tend to invade and progress to muscle invasion and 
metastatic disease. . 

To date, many attempts have been made to pinpoint genetic 
changes that underly progression of bladder cancer as well as 
to identify molecular markers that correlate with tumor 
progression. Cytogenetic studies and molecular geneuc data 
have shown that chromosomes 3p, 4p, 4q, 5q, 8p, 9p, 9q, 
lip 13q I4q, 17p and 18q are frequently altered in bladder 
urothelial tumors (4,5 and refs. therein), and as a whole they 
have supported the notion that bladder cancer is a multistep 
process. Recently, Spruck et al (6) showed that chromosome 
9 alterations occur early during development, while p53 
mutations appear later in the process and confer invasive 
properties. The situation however is reverse in the case ot 
Cis, as a large fraction of these lesions contain p53 mutations 
(5 6,8,9). Besides pointing towards two divergent pathways of 
bladder tumor progression, these studies implied that the order 
in which the genetic changes occur is important in determining 
the outcome of the lesion. . 

Assessment of bladder cancer is based on a ihoroiign 
pathological examination of biopsy material which establishes 
the histological type of the tumor, its degree of differenuauon 
(*rade). and depth of invasion of the bladder wall (staging) 
(To 12) In spite of strict criteria for the pathological assessment 
of these lesions, there exist a significant inter-pathologist 
variation, a fact that emphasises the need for objective 
markers that may aid their classification. With this in mmd 
we are exploring the possibility of using proteome (13) 
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expression profiles of these lesions as fingerprints to define, 
their grade of atypia and eventually their stage (3,14). So far; 
more than 400 tumors of various grades and stages have been 
analysed by two-dimensional polyacrylamide gel 
electrophoresis (2D PACE), and preliminary experiments 
have shown that even though the overall protein expression 
profiles of tumors of the same grade and stage are very similar, 
there are important differences suggesting that morpho- 
logically identical* TCCs may be further subdivided (1). Of 
the biomarkers of TCC progression identified so far, the 
adipocyte-type fatty acid binding protein (A-FABP) is 
perhaps one of the most interesting as the levels of this 
polypeptide have been shown to correlate both with the grade 
of atypia as well as with the stage of the disease (3). Given 
the putative importance of A-FABP as a progression marker, 
and since Anderson and Seilheimer (15) recently showed that 
post-transcriptional regulation of gene expression is a frequent 
phenomena in higher organisms, we have compared the levels 
of A-FABP mRNA and protein in non-invasive and invasive 
bladder TCCs expressing and lacking this protein. 

Materials and methods 

Tumors. Fresh bladder tumors were obtained immediately 
after transurethral resection.. The grade and clinical stage of 
the tumors were determined by the pathologist at the Aarhus 
Municipal hospital. Clean tumors devoid of blood clots were 
divided into small pieces for 2D PAGE and DNA, and RNA 
preparation. The latter were immediately frozen in liquid 
nitrogen and store at -80"C until use. 

I 35 S]- methionine labeling and 2D-PAGE. In a few cases, 
small tumor, pieces were labeled with [ M S]- methionine as 
previously described (3). 2D-PAGE was performed 
according to published procedures (16; see also http: 
//biobase.dk/cgi-bin/celis). 

RT-PCR. Frozen tumor samples were ground to powder in 
liquid nitrogen and total RNA was isolated using the acid 
guanidium isothiocyanate/phenoi chloroform extraction 
procedure (17). The samples were treated with RNase-free 
DNases I (Pharmacia) to eliminate contaminating genomic 
DNA using the protocols recommended by the supplier. 
PoIy(A) + RNA was prepared using Poly (A) Quick columns 
according to the manufacturer's instructions (Stratagene). The 
synthesis of cDNA for RT-PCR reactions were carried out 
using the Gibco BRJL Superscript Kit. Two fig of total RNAs 
was mixed wiih oligo -dTl 1 primer, PCR buffer, MgCI 2 
(25 mM). 0.1 M DDT and 10 mM dNTP. The mixture was 
incubated at 42"C for 5 min followed by the addition of 
Superscript 11 reverse transcriptase and further incubation at 
42'C for 50 min. The reaction was terminated by raising the 
temperature to 70'C for 15 min, followed by additional 
incubation at 37"C for 20 min in the presence of RNase H to 
deplete the RNA. Primers for known and cloned genes were 
purchase from Pharmacia as follows: A-FABP, Upper (from 
186-208 bp) 5 -GATCATCAGTGTGAATGGGGAT-37 
lower (from 374-3^7 bp) 5'- CATCCTCTCGTTTTCTCTTT 
ATG-3'; B-actin upper 5 -GAGGTTGGCTCTGACTGTACC 
AC-371ower 5 -CTCATTCAGCTCTCGGAACATCTCG-3'. 




Tabic I. Expression of A-FABP in non-invasive and invasive 
bladder TCCs; 
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a The levels of a A-'FABP protein were determined based on the 
visual analysis of Coomassie Brilliant Blue stained gels and 
represent the average estimate of at least iwo different runs. Tumors 
scored as positive differed significantly with respect to the levels of 
the protein, and therefore are indicated with either four (very high), 
three (high), two (medium) and one (low) cross (see also Fig. 1); 
The mRNA levels were determined based on the intensity of 
Ethidium Bromide stained cDNA bands separated on agarose gel 
using the Bio-Rad Gel Doc 1000 system and represent the average 
estimate of at least ihree independent experiments. Corresponding 
mRNA levels are represented by crosses as described above. 



PCR reactions were performed in a Progene thermal cycler 
using the Advantage Klen Tag Polymerase (Clontech). The 
cycling parameters consisted of 30 sec of denaturalion at 
94*C, with annealing of 30 sec at 60*C for B-actin or at 
64"C for A-FABP. The extension time was for 2 min at 68"C 
for 29-40 cycles with the final extension of 7 min at 68*C. The 
PCR products were separated on 1:5% agarose gel 
electrophoresis followed by ethidium bromide staining and 
photography under UV light. 

Results 

A-FABP protein levels in noninvasive and invasive TCCs. 
One hundred suspected TCCs removed at the Department of 
Urology, Skejby Hospital, were analysed by high resolution 
2D PAGE and Coomassie Brilliant Blue staining. Of these, 
10 grade 11, Ta TCCs (Table I) were chosen to correlate A- 
FABP protein and mRNA levels as these lesions yielded 
acceptable protein profiles both in terms of their purity as 



CO 

p 

GO 



IEF 



PA-FABP 

A-FABP 



MrxlO^ 

4 



—12 



B 


PA- FA BP 




f ' A-FABP 









—12 



PA-FABP 
£ A-FABP 



— 12 




PA-FABP 
> A-FABP 
> 



12 





PA-FABP,. 


E 


f A-FABP 






vc>£4^^^^PI 









-12 



GrII,Ta 



p-actin* 
A-FABP- 



Grill, T2-T4 



f}-aclin- 
A-FABP- 



«5> .JV <*> v > 

^ ^ ^ 



Figure 2. RT-PCR analysis of A-FABP mRNA expression in non-invasive 
(Grll. Ta) and invasive TCCs (Gr 111. T 2 -Ti). For RT-PCR analysis, the ss c- 
DNA was synthesized by Reverse Transcriptase using total RNA, and used 
for RT-PCR amplication. The PCR products were resolved on 1.5% 
agarose gels and visualised under UV light following cthidium bromide 
staining. The A-FABP panels show the results of amplifications where the 
pair of gene specific primers was used io generate the 220 bp DNA 
fragment. Amplification of A-FABP was obtained after 30 cycles of PCR. 
The B-aclin panels represent the amplification of the B-actin gene, which 
was used as an internal control to confirm that equal amounts of oDNA were 
used in each reaction. 



Figure I. IEF 2D gels of whole cellular extracts from non-invasive and 
invasive TCCs. A, TCC 532- 1; B, TCC-692- 1 . C. TCC 763- I ; D. TCC 709- 1 
and E. TCC 71 1-1. Only the relevant area of the gels are shown. 



assessed by monitoring for Ihe absence of vimentin 
(contamination with connective tissue) and desmin 
(contamination with smooth muscle cells), as well as 
polypeptide resolution. In addition, reasonable amounts of 
these tumors were available for mRNA preparation, 

Table I shows the levels of A-FABP protein expression in 
the 10 tumors analysed by 2D PAGE. The data were scored 
entirely based on the visual analysis of Coomassie Brilliant 
Blue stained gels and represent an average estimate of at 
least two different runs. Tumors scored as positive differed 
significantly with respect to the levels of this protein, and 
therefore are indicated with either four (very high), three 
(high), two (medium) and one cross (low). Representative 
examples of Coomassie stained 2D gels of tumors exhibiting 
very high (TCC 532-1, Fig. 1 A), high (TCC 692-1; Fig. IB), 
medium (TCC 763-1, Fig. 1C) and undetectable levels (TCC 
709-1 and TCC 711-1 Fig. 1D-E) of A-FABP are shown in 
Fig. 1 (only the relevant area of the gels are shown). 

A-FABP mRNA levels in non-invasive grade //, Ta TCCs. 
Since in many instances only a limited amount of fresh tumor 
was available, we used RT-PCR to determine the levels of A- 
FABP mRNA in ihe ten TCCs analysed by 2D PACE (Fig. I). 
Following amplification, the PCR products were analysed by 
conventional 1.5% agarose gel electrophoresis and visualised 
by ethidium bromide staining as shown in Fig. 2. The amount 



of cDNA in each lane was normalised using several house- 
keeping genes so as to achieve a more accurate assessment of 
the expression of the A-FABP mRNA. As shown in Fig. 2, 
TCC 532- 1 exhibited the highest amount of A-FABP mRNA, 
followed by TCCs 692-1, 763-1, 616-1, 581-1, 154-1, 166-5 
and 533-1. Undetectable levels of A-FABP mRNA were 
observed in the case of TCCs 607-1 and 709-1 (Fig. 2). 
Relative mRNA levels for the ten TCCs are given in Table L 

A-FABP protein and mRNA levels in invasive grade ///, T„ 
TCCs. Of the invasive TCCs (grade III, T 2 _a) analysed by 2D 
PAGE only six yielded reasonable protein profiles for further 
study. As shown in Table I. none of these lesions expressed 
detectable levels of A-FABP as determined by Coomassie 
Brilliant Blue staining (Fig. IB, TCC 711-1). In line with these 
results, the RT-PCR analysis of these tumors also revealed 
undetectable level of A-FABP mRNA (Fig. 2, Gr ID T 2 -T,; 
Table I). 

Less of A-FABP protein is not compensated by an increase in 
PA-FABP. Recent studies of A-FABP knockout mice have 
shown that the loss of ArFABP in fat tissue is compensated 
by an increase in the skin fatty acid-binding protein mall (18)- 
Our studies, however, indicated that the human homologue 
of mall. PA-FABP (19). did not compensate for the loss of 
A-FABP either in the non-invasive or the invasive tumors 
analysed in this study (Fig. ID and E). In addition. Fig- 3 
shows 2D gels of pS]-methionine labeled proteins from two 
orade II. TaTCCs (192-4, T 4 ; Fig. 3A and 192-4, T : ; Fig. 3B), 
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Figure 3. Levels of A-FABP and PA-FA BP protein in grade II, Ta tumors 
resected from the same patient. The two upper panels show the 2D gel 
autoradtbgrams of ("SJ-methionrne labeled proteins from TCCs (grade II, 
Ta) resected from the same patient. A, TCC 192-9 lumor 4 and B,- TCC 
192-9 tumor I. Only the relevant area of the autoradiograms are shown. The 
low panel shows the RT-PCR analysis of A-FABP mRNA expression in the 
same tumors (see also legend to Fig. 2). 



which differ significantly in their levels of A-FABP protein 
and mRNA (Fig. 3, low panel). As shown in Fig. 3, the 
decrease in A-FABP observed in TCC 129-4, T, is not 
accompanied by an increase in the PA-FABP protein (Fig: IE). 

Discussion 

Of the TCC progression markers identified to date, A-FABP 
is perhaps one of the most interesting as its presence correlates 
both with the grade of atypia (p=0 r 0006) and the stage of ihe 
disease (p=0.0269) (3). A-FABP is a low molecular weight 
protein belonging to a cylosolic multigene family of lipid- 
binding proteins that include heart, liver, intestinal, muscle, 
brain, skin and epithelial isoforms (20). Members of the 
FABP family are highly expressed in differentiated cells and 
show narrow tissue distribution. Their precise function is at 
present unknown, although there is evidence suggesting that 
they may play roles in intracellular lipid transport and 
metabolism, signal transduction (21,22) as well as growth 
control and differentiation (23). The role in signal transduction 
has been inferred from the fact that long-chain fatty acids and 
their metabolites can act as primary and second messengers 
in specific signalling pathways (24). Recently, it has been 
shown that A-FABP may play a central role in the pathway 
that links obesity with insulin resistance, most likely by 
connecting the fatly acid metabolism with the expression of 
TNF-a (18). Furthermore, there is evidence indicating that 
the A-FABP gene contains sequence information necessary 
for differentiation-dependent expression in adipocytes (25). 
Our own daia derived from the study of TCCs and normal 
urothelium suggest that A-FABP may be required for normal 
uroihelium differentiation (I), as may be the case for PA- 
FABP in the skin (19). 



Considering the potential prognostic value of A-FABP 
protein and/or mRNA in TCC progression il wais important to 
determine if the levels of both type of macromolecules 
correlated both in the non-invasive and the invasive lesions 
expressing and lacking A-FABP. The need for such correlation 
was underlined by recent studies of Anderson and Seilhamer 
(15), who reported a lack of overaJI correlation between the 
mRNA and protein levels of. 45 rat proteins analysed by 2D 
PACE in combination with cDNA arrays, their data yielded a 
correlation coefficient of 0.45 which is half way between weak 
and perfect correlation. Clearly, our data showed a very good 
correlation between the protein- and mRNA levels of A-FABP, 
in all tumors analysed indicating that the loss of A-FABP 
protein observed in some tumors is not due to post- 
transcriptionaJ regulation. 

Recently, knockout mice carrying a null mutation in the 
aP2 gene encoding for A-FABP was produced (18). These 
animals do not show an obvious morphological or metabolic 
phenotype, but exhibit a 20-fold increase in the levels of the 
keraijnocyte type FABP (ma/7), which may compensate for 
the loss of the deleted gene (18). The human homologue of 
the mail gene, PA-FABP, was cloned in our laboratory and 
has been shown to be highly upregulated in psoriatic skin as 
well as in abnormally differentiated primary keratinocytes 
(19). PA-FABP is expressed in normal urothelium together 
with A-FABP (3), and ongoing studies in the laboratory have 
shown that its level decreases significantly as tumors progress. 
Interestingly, the studies reported in this article did not revealed 
a compensatory up- or down-regulation of PA-FABP in the 
TCCs analysed, supporting the contention that PA-FABP may 
also play a role in cell growth and differentiation (19). 
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Expression of the pS2 gene in breast tissues assessed by pS2-mRNA 
analysis and pS2-protein radioimmunoassay. 

Hahnel E. Robbins P, Harvey j; Sterrett G, Hahnel R . 

Department of Pathology, University of Western Australia, Queen Elizabeth II Medical 
Centre, Nedlands. 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein 
using a radioimmunoassay, and by determining pS2-mRNA using Northern blotting. 
There was a good correlation between the two measurements, indicating that expression 
of the pS2 gene in breast tissues may be assessed by either method. Since 
radioimmunoassay is technically easier and more efficient than Northern blotting, 
radioimmunoassay will be the method of choice in routine applications. 
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Brief communication 

Expression of the pS2 gene in breast tissues assessed by pS2-mRNA analysis 
and pS2-protein radioimmunoassay 

Erika Hahnel, Peter Robbing Jennet Harvey, Grcgoiy Sterrett and RoJand Habnel 

Department of Pathology, University of Western Australia, Queen Elizabeth II Medical Centre, Nedlands, 

6009, Western Australia 



Key words: breast tissue, pS2-mRNA t pS2 protein, radioimmunoassay 
Summary . 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein using a radioimmu- 
noassay, and by determining pS2-mRNA using Northern blotting. There was a good correlation between the 
two measurements, indicating that expression of the pS2 gene in breast tissues may be assessed by either* 
method. Since radioimmunoassay is technically easier and more efficient than Northern blotting, jadipim- 
munoassay will be the method of choice in routine applications. 



Introduction 

Expression of the pS2 gene is controlled by estro- 
gen. This was first described in the MCF-7 breast 
cancer eel] line fl). pS2'expression has since been 
reported to be useful as a prognostic indicator f2, 
3], although this was not confirmed in another se- 
ries [4].. 

pS2 expression may be assessed in tissue ho- 
mogenates by analysis of pS2-mRNA [5], by ra- 
dioimmunoassay of the pS2-prptein [2], or by im- 
munocytochemical detection of the pS2 protein in 
tissue sections f5]. It was the aim of this study to 
establish the conrelation between pS2-mRNA and 
pS2-protein by radioimmunoassay in a series of 
tissues obtained from mastectomy specimens per- 
formed for carcinoma of the breast. Primary breast 
carcinoma tissue, metastatic carcinoma within ax- 
illary nodes, and macroscopjcaJJy benign breast 
tissue were examined. 



Materials and methods 

Breast tissues 

Tissue specimens from mastectomies performed 
for carcinoma of the breast were examined. 32 pri- 
mary breast carcinomas* 10 axillary lymph nodes 
containing metastatic breast carcinoma, and 20 
samples of uninvolved breast tissue were analyzed 
forpS2 expression. 

The primary breast carcinomas were histolog- 
ically classified using a conventional subclassiH- 
cation. The presence or absence of primary tumour 
was assessed. The presence of metastatic carcino- 
ma within lymph nodes studied was verified by 
histological examination of the node remnant after 
sampling. 

'Uninvolved' breast tissue was sampled from 
sites weJJ removed from the primaiy breast tumour 
(usually in another qu adrant of the breast), and was 
selected only if the tissue appeared macroscppical- 
iy unremarkable. Tissue sampling occurred imme- 
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diately upon arrival of the mastectomy specimen in 
the laboratory, with minimal delays between re- 
moval and sampling. 

Tissues for pS2 analysis were snap frozen in liq- 
uid nitrogen and stored at -70°C until prqcessed. 

Extraction of RN A and determination of 
pS2-mRNA 

Details of the procedure have been described in our 
previous paper [6]. Briefly, the deep-frozen tissue 
was homogenized in a micro-dismembrator. The 
homogeneous powder, was extracted with guani- 
diniumisothioc^anatephenolchloroformiso- 
amylalcobol, and RNA was precipitated with iso- 
propariol. The washed RNA pellet was dissolved in 
SDS and glyoxylated, and the RNA preparation 
loaded onto agarose gel. After electrophoresis the 
gel was capillary blotted onto Zeta-probe mem- 
branes. Membranes were hybridized overnight 
• with cDNA probes pS2 and 36B4, which were la- 
beled with [a 32 ?] dCTP by nick translations. 
Washed membranes were exposed to Kodak X- 
omat AR film. Relative intensities of the mRNA 
bands were assessed visually as not detectable, ve- 
ry weak, weak, medium, strong, and very strong, 
taking the intensities of the ubiquitous 36B4 bands 
into account. 



* Radioimmunoassay bf pS2-protein 

Deep frozen specimens were pulverized with a mi- 
crodismembrator. The tissue powder was suspend- 
ed in 10 volumes of pH 7.5 phosphate buffer. Tbe 
homogenate was centrifugedin a refrigerated cen- 
trifuge at 4°C for 60 minutes at 2600xg. The su- 
pernatant was removed with a Pasteur pipette, 
carefully avoiding the fat layer on the top. The pro- 
tein concentration in the supernatant was estimated 
by use of the Coomassie dye-binding method [7J. 
An aliquot of the supernatant was diluted to a pro- 
tein concentration between 1 and 2mg/ml before 
assay of the pS2-protein. In one case the protein 
concentration of the supernatant was well below 
lmg/ml. 



The estimation of thepS2-protein was perform- 
ed using a solid phase, two-site radioimmunoas- 
say. The kits were bought from CIS Biointema- 
tional, Gif-sur-Yvette, France (ELS A-PS2). In this 
method the molecules of pS2 are sandwiched be- 
tween two monoclonal antibodies; the first one is 
coated on the EJLSA solid phase, the second one is 
radiolabeled with J25-iodine. The radioactivity 
bound to the ELS A is proportional to the concen- 
tration of pS2-protein. Details of the procedure are 
supplied with the kit {8]. ' 

Results and discussion 

32 primary breast carcinomas, metastatic breast 
carcinoma in 10 lymph nodes, and 20 samples of 
benign breast tissue from mastectomies were in- 
vestigated. Two of the carcinomas were of the infil- 
trating lobular type, two were ductal carcinomas in 
situ, one was a multicentric invasive ductal carci- 
noma, all others were invasive ductal carcinomas. 

Examples of pS2 Northern blots have been 
shown in our previous paper [6] which demon- 
strate that undegraded pS2-rmRNA can be isolated 
by the method used. 

The results of the pS2-protein and pS2-mRNA 
assays are shown on fig. I. There was a good corre- 
lation betweep.the two types of results. When pS2- 
mRNA could not be detected by Northern blot, 
pS2-protein results were usually below ] ng/mg 
protein (22 of 30) s or between I and3.7ng/mg(6of 
30). Two were exceptions (7.7 and 14.6); one of 
them could have been due to the very low protein 
content in the cytosol which would lead to a large 
pS2 value and an associated error. There was no 
explanation for the other high result. Very weak 
pS2-mRNA signals on Northern blots correspond- 
ed to pS2-protein values between 1 . 1 and 1 9.2 with 
an average of 6.6 ng/mg protein (median 5.7); The 
mean and median pS2-protein concentration in the 
tissue with weak pS2-mRNA signals Were 14.3 and 
1 0.7 ng/mg protein, respectively. The average pS2- 
protein concentration increased to 32.7 (median 
31.5) ng/mg protein for tissues assessed as medium 
pS2-mRNA intensity, and to 43.3 (median 53.8) 
ng/mg protein for tissues with strong or very strong 




pS2-mRNA signals. These values should be used 
as an approximate guide only, since the number of 
samples in the various groups was fairly smalh 
One-way analysis of variance confirmed that the 
means of the pS2-protein values in the groups 
made up according to their pS2-mRNA signal in- 
tensity, were significantly different (p < J(H). 

If the pS2 gene is expressed, its expression is on 
average greater in breast carcinomas than in unin- 
volved breast tissue. If one takes pS2-protein val- 
ues above 4ng/mg protein as cut-off, the average 
pS2-protein in 14 breast cancers was 343 (median 
(35.2), while it was only 18J (median 13.8) in 12 
uninvolved breast tissue samples. If the cut-off is 
taken at idng/mg protein, average pS2-protein in 
breast carcinoma is also about twice the level of 
uninvolved nssue. There were not enough lymph 
node metastases which expressed the pS2 gene to 
allow a comparison with carcinoma or uninvolved 
breast tissue. , 

Recent preliminary results of pS2 by radioim- 
munoassay [9] are similar to ours for breast cancer 
but considerably lower than our results for normal 
breast tissue. 

The values of the pS2-protein measured obvi- ' 
ously depend on the protein used for calibration. 
We used the pS2-protein standards supplied with 
the CIS kit, which according to the supplier gave 
values from 0 to 740ng/mg protein in a series of 
205 breast' cancer cytosols. Previously, a different 
standard had been used for presumably the same 
series of breast carcinomas [2], and a conversion 
factor to current standards is given as 2.8 [8]. 

It was noticed that the correlation between pS2- 
protein and pS2-mRNA was better in breast carci- 
noma specimens than in uninvolved breast tissue. 
This is unexplained, though it could be due to the - 
variable content of cell or tissue types in adjoining 
parts of a specimen, a variation more likely to oc- 
cur in our sampling of non-malignant breast tissue 
compared to sampling of carcinomas. A similar 
variability in breast carcinoma specimens will 
probably have a smaller influence on the pS2 re- 
sults, since the malignant cells - if they do express 
the pS2 gene - contain more pS2-protein than nor- 
mal breast. 
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Fig. 7- Correlation between pS2-proiein by radioimmunoassay and 
pS2-rr»RNA by Northern blot. ® = 22 results below K The horizontal 
lines indicate the mean values. 
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Modulation of glucagon receptor expression and response in transfected 
human embryonic kidney cells. 

Ikegami T, Cypess AM . Boiiscarcl B . 

Department of Medicine, George Washington University Medical Center, Washington 
District of Columbia 20037, USA. ' 

The modulation of glucagon receptor (GR) expression and biological response was 
mvestigated in human embryonic kidney cell (HEK-293) clones permanently expressing 
the GR with different densities, The GR mRNA expression level in these clones was 
.unregulated by cellular cAMP accumulation and presented a good correlation with both 
the protein expression level and the maximum number of glucagon binding sites 
However the determination of glucagon-induced cAMP accumulation in these cell lines 
revealed that the enhancement of receptor expression did not lead to a proportional 
increase in cAMP formation. Under these conditions, the maximum cAMP production 
induced by NaF and forskolin was not significantly different among selected clones 
regardless of the receptor expression level. High receptor-expressing clones showed' the 
greatest susceptibility for agonist-induced desensitization compared with clones with 
lower GR expression levels. The results of the present study suggest that the GR can 
recruit non-GR-specific desensitization mechanism(s). Furthermore, the partial inhibition 
or alteration of the overall cAMP synthesis pathway at the receptor level may be a ■ 
necessary adaptive step for a cell in response to a massive increase in membrane receptor 
expression level. y 

PMID: 11546678 [PubMed - indexed for MEDLINE] 
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Immunohistochemical analysis of NY-ESO-1 antigen expression in normal 
and malignant human tissues. 

Jungbluth AA, Chen YT\ Stockert E , Busam KJ , Kolb D, Iversen K , Coplan K, 
Williamson B , Altorki R Old LJ. 

Lud wig Institute for Cancer Research, Memorial Sloan-Kettering Cancer Center, New 
York, NY, USA. jungblua@mskcc.org 

NY-ESO-1, a member of the CT (cancer/testis) family of antigens, is expressed in normal 
testis and in a range of human tumor types. Knowledge of N Y-ESO-1 expression has 
depended on RT-PCR detection of mRNA-and there is a need for detecting NY-ESO-1 at 
the protein level. In the present study, a method for the immunochemical detection of 
NY-ESO-1 in paraffin-embedded tissues has been developed and used to define the 
expression pattern of NY-ESO-1 in normal tissues and in a panel of human tumors. No 
normal tissue other than testis showed NY-ESO-1 reactivity, and expression in testis was 
restricted to germ cells particularly spermatogonia. In human tumors, the frequency of 
N Y-ESO- 1 antigen expression corresponds with past analysis of N Y-ESO- 1 mRNA 
expression e.g., 20-30% of lung cancers, bladder cancers and melanoma, . and no 
expression in colon and renal cancer. Co-typing of NY-ESO-1 antigen and mRNA 
expression in a large panel of lung cancers showed a good correlation. There is great 
variability in NY-ESO-1 expression in individual tumors, ranging from an infrequent 
homogeneous pattern of staining to highly heterogeneous antigen expression. Copyright 
2001 Wiley-Liss, Inc. 
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Somatostatin receptors in primary human breast cancer: quantitative 
analysis of mRNA for subtypes 1-5 and correlation with receptor protein 
expression and tumor pathology. pruiein 

KumarU, Grigorakis Sf , WattHL, SasiR, SnellL, WatsonP, ChaudhariS. 

Ro^aT ^ ReS6arch ' ****** of Medicine, McGill University, 

Royal VictonaHospital, 687 Pine Avenue West, H3A 1 Al Montreal, Quebec Canada. 
ujendra.kumar@muhc.mcgill.ca Ui 

Somatostatin receptors (SSTRs) have been identified in most hormone-producing tumors 
as well as m breast cancer. In the present study, we determined SSTR1-5 expression 
primary ductal NOS breast tumors through semiquantitative RT-PCR PreSS '° n m 
in^uno^ytochemistry The results from the analysis of 98 samples were correlated with 
severe key h,stolog,cal markers and receptor expression! All five SSTR subtypes are 

ITtR ^T^TR? S^SiS^ " bre3St ^ With 91% ° f sam P les Smhfc 
SSTRl 98 /. SSTR2, 96% SSTR3, 76% SSTR4, and 54% SSTRS. SSTR1-5 are 

located to both tumor cells and the surrounding peritumoral regions as detected by 
mmiunocytochemistry. Levels of SSTR mRNA when corrected for beta-actin levels 
were h.ghest for SSTR3 followed by SSTRl, SSTR2, SSTRS, and SSTR4. Furthermore 
T^for^TP^off °" o^ een mRNA ™ d Pr ° tein session with 84% for SSTRl', 

r^Zs Z^T H r / STR3 ' 68 T° f ° r SSTR4 ' 68% f0r SSTR5 ' «« 78% ** «ve 
receptors SSTRl 2 and 4 were correlated with ER levels whereas SSTR2 showed an 

add^ona correlation with PR levels. These correlations were independent of patient age 
and h^ol 0gl cal grade Moreover, using immunocytochemistry, blood vessels exhibited 

Iocah *f>„ for SSTR2 and SSTRS. Our results indicate significant 
correlates between mRNA and protein expression along with receptor-spedfic 
correlauons with histological markers as well as ER and PR levels. Differential 
distabuhon of SSTR subtypes in tumors and receptor-specific expression in vascular 
aeonS* C ° nSldered 88 a noveI dia & osis for breast tumors with receptor subtype 
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Expression of the multidrug resistance-associated protein (MRP) mRNA 
and protein in normal peripheral blood and bone marrow haemopoietic 
cells. 

Legrand O, Perrot JY , Tang R. Simonin G. GurbuxaniS. Zittoun R. Marie JP . 

Laboratoire de Cinetique et de Cultures Cellulaires, Hotel Dieu, Paris/France, 

We studied the expression of multidrug resistance-associated protein (MRP) in normal 
haemopoietic cells from peripheral blood and bone marrow. The MRP mRNA levels 
were estimated by RT/PCR and in situ hybridization (ISH) assay, and the protein levels 
by flow cytometry. 21 samples of peripheral blood and 21 samples of bone marrow (1 1 
normal bone marrow donors, 10 patients in complete remission after chemotherapy for 
large cell lymphoma or acute myeloid leukaemia) were analysed. In peripheral blood the 
mean MRP mRNA level in CD3+ cells was statistically higher than in the other cells (3 
fold by the methods used). The levels of MRP in CD3+ varied from one individual to 
another (4.5-34.8 units by RT/PCR and 5-23 grains/cell by ISH); however, this was 
proportional to the variation in all the cell lineages of same individual (r = 0.84). In bone 
marrow the mean MRP levels of the various cell lineages (including CD344-) were 
similar to the basal level in HL60 cells. Individual expression levels were again variable; 
however, there was no difference between untreated normal bone marrow and post 
chemotherapy normal bone marrow. MRP protein expression was determined by flow 
cytometry with the monoclonal antibody MRPm6. The CD4+ lymphocytes exhibited a 
higher MRP protein expression than the other celt lineages, including CD8+ cells. There 
was a good correlation between the three methods used (RT/PCR and ISH, P "== 0.0001, r 
= 0.87; RT/PCR and flow cytometry, P - 0.0001, r = 0.85; ISH and flow cytometry, P = 
0.002, r = 0.67). 

PMDD: 8757504 [PubMed - indexed for MEDLINE] 
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arteriosclerosis. 

Lemstrom KB, Krebs R, Nykancn AI. Tikkanen JM. SthvoLa RK Aaltola EM. 
Hayry PJ, WoodJ, Ajitalo K, Yla-Herttuala S , Koskinen PK . 

Cardiopulmonary Research Group, Transplantation Laboratory, University of Helsinki . 
and Helsinki University Central Hospital, Helsinki, Finland. Karl.Lemstrom@heIsinki.fi 

BACKGROUND: Cardiac allograft arteriosclerosis is a complex process of alloimmune 
response, chronic inflammation, and smooth muscle cell proliferation that includes cross 
talk between cytokines and growth factors. METHODS AND RESULTS: Our results in 
rat cardiac allografts established alloimmune response as an alternative stimulus capable 
of inducing vascular endothelial growth factor (VEGF) mRNA and protein expression in 
cardiomyocytes and graft-infiltrating mononuclear inflammatory cells, which suggests 
that these cells may function as a source of VEGF to the cells of coronary arteries. Linear 
regression analysis of these allografts with different stages of arteriosclerotic lesions 
revealed a strong correlation between intragraft VEGF protein expression and the 
development of intimal thickening, whereas blockade of signaling downstream of VEGF 
receptor significantly reduced arteriosclerotic lesions. In addition, in cholesterol-fed 
rabbits, intracoronary perfusion of cardiac allografts with a clinical-grade adenoviral 
vector that encoded mouse VEGF( 1 64) enhanced the formation of arteriosclerotic 
lesions, possibly secondary to increased intragraft influx of macrophages and 
neovascularization in the intimal lesions. CONCLUSIONS: Our findings suggest a 
positive regulatory role between VEGF and coronary arteriosclerotic lesion formation in 
the allograft cytokine microenvironment 
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[3HIMK-801 binding and the mRNA for the NMDAR1 subuait of the 
NMDA receptor are differentially distributed in human and rat forebrain. 

Meoni P, Mugnaini M. Bunnemann BH . Trist DG, Bowery NG . 

Department of Pharmacology, Medical School, University of Birmingham, UK. 
meonip@novell5.bham.ac.uk 

The distributions of [3H]MK-801 binding and the NMDA NR1 subunit mRNA were 
studied using receptor autoradiography and in-situ hybridization in rat and human brain 
whole-hemisphere coronal sections. Receptor protein detected by radioligand 
autoradiography and the mRNA for the key subunit of the receptor presented similar 
distributions in the forebrain, with a few areas showing an imbalance between the levels 
of mRNA arid receptor protein. Human frontal cortex showed a relative abundance of 
NMDAR1 mRNA as compared to [3H]MK-801 binding. The same area in rat brain did 
not show any difference in the two distributions. In comparison, the rat claustrum 
presented a relative excess of NMDAJU mRNA which was not detected in human 
sections. Human caudate nucleus exhibited relatively high levels of [3HJMK-801 binding 
that were unmatched in rat caudate. The hippocampi of either species presented similar 
levels of [3H]MK-801 binding and NMDAR1 mRNA, but when the two signals were 
measured in specific subfields of the hippocampal formation, the differential distribution 
of the two signals reflected the anatomy of hippocampal connections assuming a 
preferential dendritic distribution for MK-80 1 binding. Interestingly, rat and human 
hippocampi also showed some important species-dependent difference in the relative 
distribution of the receptor protein and mRNA. The data presented show an overall good 
correlation between the mRNA for the key subunit of the NMDA receptor and the 
functional receptor detected with radioligand binding and highlight the presence of local 
differences in their ratio. This may reflect different splicing of the mRNA for the 
NMDAR1 subunit in specific brain areas of rat and human. The species-dependent 
differences in the relative distribution of the mRNA for the key subunit of the NMDA 
receptor and that of a marker of functional receptors also highlights important differences 
in the NMDA function in rat and human brain. 
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Differential expression of the short and long forms of the gamma 2 subunit 
of the GABAA/benzodiazepine receptors. 

Miralles CP, Gutierrez A . Khan ZU . Vitorica J . De Bias AL . 

Division of Molecular Biology and Biochemistry, School of Biological Sciences, 
University of Missouri-Kansas City 64110-2499. 

The distribution of the mRNAs encoding the gamma 2S and gamma 2L subunits of the 
GABAA receptor in the rat brain has been revealed by in situ hybridization, northern blot 
and dot blot analysis using specific antisense oligonucleotides. In addition, the 
quantitative distribution of the gamma 2S and gamma 2L subunit peptides participating in 
the folly assembled GABAA receptorsftenzodiazepine receptors has been mapped by 
immunoprecipitation with specific anti-gamma 2S and anti-gamma 2L antibodies. 
Several neuronal types and brain regions are enriched in gamma 2L such as neurons of 
the layer II of striate cortex and cerebellar Purkinje cells as well as the inferior colliculus 
superior colliculus, deep cerebellar nuclei, medulla and pons. Other neuronal types and 
regions are enriched in gamma 2S such as the mitral cells of the olfactory bulb, pyramidal 
neurons of the pyriform cortex, layer VI of the neocortex, granule cells of the dentate 
gyrus and pyramidal cells of the hippocampus. Other cortical areas and cerebellar granule 
cells express both gamma 2S and gamma 2L in comparable amounts: There is a good 
correlation between the relative expression of gamma 2S and gamma 2L mRNAs and the 
relative presence of these protein subunits in folly assembled and mature receptors in the 
studied brain regions. The differential distribution of gamma 2S and gamma 2L might 
result in differential ethanol sensitivity of the neurons expressing these GABAA receptor 
subunits. 
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The alpha(v)beta6 integral receptor for Foot-and-mouth disease virus is 
expressed constitutively on the epithelial cells targeted in cattle. 

Monaghan P, GoldS, Simpson J, Zhang Z, Weinreb PH. Violettc SM. Alexandersen 
S, Jackson T . 

Institute for Animal Health, Pirbright Laboratory, Ash Road, Pirbright, Surrey GU24 
ONF, UK. 

Field strains of Foot-and-mouth disease virus (FMDV) use a number of alpha(v)- 
integrins as receptors to initiate infection on cultured cells, and integrins are believed to 
be the receptors used to target epithelial cells in animals. In this study, 
immunofluorescence confocal microscopy and real-time RT-PCR were used to 
investigate expression of two of the integrin receptors of FMDV, alpha(v)beta6 and 
alpha(v)beta3, within various epithelia targeted by this virus in cattle. These studies show 
that alpha(v)beta6 is expressed constitutively on the surfaces of epithelial cells at sites 
where infectious lesions occur during a natural infection, but not at sites where lesions 
are not normally formed. Expression of alpha(v)beta6 protein at these sites showed a 
good correlation with the relative abundance of beta6 mRNA. In contrast, alpha(v)beta3 
protein was only detected at low levels on the vasculature and not on the epithelial cells 
of any of the tissues investigated. Together, these data suggest that in cattle, 
alpha(v)beta6, rather than alpha(v)beta3, serves as the major receptor that determines the 
tropism of FMDV for the epithelia normally targeted by this virus. 
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T-cell receptor V beta-family usage in primary cutaneous and primary 
nodal T-cell non-Hodgkin's lymphomas. 

Prces man AH , Hu HZ, Tilanus MG. de Geus B . Scbuurman HJ . Reitsma R. van 
Wichen DF, van VIoten WA. de Weger RA 

Department of Pathology, University Hospital Utrecht, The Netherlands. 

To evaluate whether the expression of T-cell receptor (TCR) V beta families in eight 
cases of malignant T-cell lymphomas took place in a preferential manner, we analyzed 
four cases of mycosis fungoides (MF), the most common form of primary cutaneous T- 
cell non-Hodgkin's lymphomas (NHL), and four cases of primary nodal T-eell NHL. The 
usage of V beta families in T-cell populations was investigated on mRNA that was 
transcribed to cDNA using a C beta primer and reverse transcriptase. Subsequently, the 
specific usage of the families was analyzed by polymerase chain reaction (PCR) using 
combinations of the selected C beta-oligonucleotide primer and one of the family-specific 
V beta primers. Peripheral blood lymphocytes from four healthy volunteers and 1 
"reactive" lymph node served as a control and expressed all 20 V beta families tested for. 
In T-cell lines, with restricted V beta expression, and in three patients with advanced MF, 
only one or two V beta families were expressed at the mRNA level. In an early MF lesion 
this monoclonal expression was absent: several V beta families were expressed with a 
weak intensity This may indicate either a polyclonal origin of MF, or that too few 
monoclonal neoplastic cells were present in the tissue specimen. In the four nodal T-cell 
NHL, only one family could be clearly distinguished, whereas some of the other V beta 
families showed only a weak expression, these latter families represent the reactive T- 
cell component in the nodal T-cell NHL. Both in nodal T-cell NHL and in MF there was 
no preferential expression of a particular V beta family. There was a good correlation 
between PCR data and the expression of V beta-family protein products observed by 
inununohistochemistry on tissue sections of the T-cell lymphomas. All T-cell lines, three 
cases of MF, and three cases of nodal T-cell NHL showed a rearrangement of the TCR 
beta chain on DN A level. ' 
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Expression and distribution of laminin alphal and alpha2 chains in 
embryonic and adult mouse tissues: an immunochemical approach. 

SasakiX GOtaxJR 

Max-Planck-Institute for Biochemistry, Martinsried, D-82 1 52, Germany. 

Protein levels, mRN A expression, and localization of laminin alphal and alpha2 chains in 
development and in adult mice were examined. Recombinant fragments were used to 
obtain high-titer-specific polyclonal antibodies for establishing quantitative 
radioimmuno-inhibition assays. This often demonstrated an abundance of alpha2 chain, 
but also distinct amounts of alphal chain for adult tissues. The highest amounts of alphal 
were found in placenta, kidney, testis, and liver and exceeded those of alpha2. All other 
tissue extracts showed a higher content of alpha2, which was particularly high in heart 

. and muscle when compared to alphal. Content of gammal chain, shared by most 
laminins, was also analyzed. This demonstrated gammal chain levels being equal to or 

. moderately exceeding the sum of alphal and alpha2 chains, indicating that these isoforms 
represent the major known laminin isoforms inmost adult mouse tissues so far examined. 
Moreover, we found good correlation between radioimmuno-inhibition data and mRNA 
levels of adult tissues as measured by quantitative real-time reverse transcriptase-PCR. 
Embryonic tissues were also analyzed by radioimmuno-inhibition assays. This 
demonstrated for day 1 1 embryos comparable amounts of alphal and gammal and a 
more than 25-fold lower content of alpha2. This content increased to about 10% of 
alphal in day 13 embryos. The day 1 8 embryo showed in heart, kidney, and liver, but not 
yet in brain and lung, alphal /alpha2 chain ratios comparable to those in adult tissues. 
Immunostaining demonstrated alphal in Reichert's membrane (day 7.5), while alpha2 
could not be detected before day 1 1 .5. These data were compared with 
immunohistochemical localization results on several more embryonic and adult tissue 
sections. Our results regarding localization are consistent with those of earlier work with 
some notable exceptions. This was in part due to epitope masking for monoclonal 
antibodies commonly used in previous studies in esophagus, intestine, stomach, liver, 
kidney, and spleen. 
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Discordant regulation of granzyme H and granzyme B expression in 
human lymphocytes. 

Sedehes KA, Savers TX Edwards KM. Chen W, Pellicci DG , Godfrey PI, Trapani 
JA . 

Cancer Immunology Laboratory, Peter MacCalium Cancer Centre, Locked Bag 1, 
A'Beckett Street, East Melbourne, 8006, Australia. 

We analyzed the expression of granzyme H in human blood leukocytes, using a novel 
monoclonal antibody raised against recombinant granzyme H, 33-kDa granzyme H was 
easily detected in unfractionated peripheral blood mononuclear cells, due to its high 
constitutive expression in CD3(-)CD56(+) natural killer (NK) cells, whereas granzyme B 
was less abundant. The NK lymphoma cell lines, YT and Lopez, also expressed high 
granzyme H levels. Unstimulated CD4(+) and particularly CD8(+) T cells expressed far 
lower levels of granzyme H than NK cells, and various agents that classically induce T 
cell activation, proliferation, and enhanced granzyme B expression failed to induce 
granzyme H expression in T cells. Also, granzyme H was not detected in NK T cells, 
monocytes, or neutrophils. There was a good correlation between mRNA and protein 
expression in cells that synthesize both granzymes B and H, suggesting that gzmH gene 
transcription is regulated similarly to gzmB. Overall, our data indicate that although the 
gzmB and gzmH genes are tightly linked, expression of the proteins is quite discordant in 
T and NK cells. The finding that granzyme H is frequently more abundant than granzyme 
B in NK cells is consistent with a role for granzyme H in complementing the pro- 
apoptotic function of granzyme B in human NK cells. 
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Quantitative determinations of the steady state transcript levels of 
hexokinase isozymes and glucose transporter isoforms in normal rat 
tissues and the malignant tumor cell line AH130. 

Shinohara Y . Yamamoto K , Inoo KL Yamazaki N , Terada H . 

Faculty of Pharmaceutical Sciences, University of Tokushima, Japan. 
yasuo@ph.tokushima-u.acjp 

The steady state transcript levels of the four hexokinase (HK) isozymes and four glucose 

transporter (GLUT) isoforms were determined quantitatively by Northern analysis of 

RN A samples from rat tissues using synthetic fragments of the RNAs encoding the HK 

isozymes and GLUT isofoims. Results showed that the levels of HK isozyme transcripts 

were low in rat tissues, the level of that most highly expressed, the type I isozyme (HKI), 

in the brain being 0.025% of the total poly(A)+ RNA. A good correlation was found 

between the reported HK activities and the total amounts of transcripts encoding all HK 

isozymes in various tissues, showing that the HK activities in tissues can be estimated 

from the total amount of transcripts encoding HK isozymes. The proposed associated 

expressions of HK isozymes and GLUT isoforms in particular tissues were confirmed at 

their transcript levels. The steady state transcript levels of type II HK and the type 1 

GLUT isoform in the malignant tumor cell line AH 130 were also determined 
quantitatively. 
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Rat kidney glutamyl aminopeptidase (aminopeptidase A): molecular 
identity and cellular localization. 

SongL, Ye M, Troyanovskava M, Wilk E, Wilk S, Healy DP : 

Department of Pharmacology, Mount Sinai School of Medicine, City University of New 
York, New York 10029. 

Glutamyl aminopeptidase [aminopeptidase A (EAP), EC 3.4. 11 .7] is an ectoenzyme that 
selectively hydrolyzes acidic amino acid residues from the amino terminus of 
oligopeptides. EAP activity is highest within the kidney and small intestine. The murine 
pre-B cell BP-1/6C3 and the human kidney glycoprotein gpl60 differentiation antigens 
have been reported to have biochemical properties indistinguishable from EAP. It is not 
known, however, if rat kidney EAP is a homologue of these antigens or molecularly 
distinct. Using the reverse transcription-polymerase chain reaction method with 
oligonucleotide primers based on the BP-1/6C3 nucleotide sequence, we isolated a 450- 
bp partial cDNA from rat kidney poly(A)+ RNA. The partial cDNA encoded a predicted 
protein that was 92% and 86% identical to the murine BP-1/6C3 and human gpl60 
antigens, respectively; the amino acid sequence within the zinc-binding domain was 
completely conserved. Purification of EAP from rat kidney and microsequence analysis 
of a tryptic digest peptide fragment ( 1 8-mer) indicated that the fragment was highly 
similar to a region within the BP-I/6C3 and gpl60 proteins. Northern blot hybridization 
and immunoblot analyses were also consistent with labeling of products the same size as 
reported for the BP-1/6C3 and gpl60 antigens. There was a good correlation between the 
cellular distribution of EAP mRNA and EAP immundreactivity, with proximal tubules 
and glomerular mesangial cells having the highest densities. These results indicate that 
rat kidney EAP is a species homologue of the murine BP-1/6C3 and human gpl60 
antigens. Furthermore, on the basis of its cellular localization, rat kidney EAP is likely to 
be involved in degradation of oligopeptides within the glomerulus and the glomerular 
filtrate. Since cells that express EAP also express receptors for angiotensin II, an 
intrarenal vasoactive hormone that is a substrate for EAP, these results further suggest 
that EAP may play a role in modulating the activity of intrarenal angiotensin II. 
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Transcriptional activity of potent glucocorticoids: relevance of 
glucocorticoid receptor isoforms and drug metabolites. 

Spika I, Hammer S , Kleuser B, Korting HC Schafer-Korting M . 

Institut fur Pharmazie, Abteilung for Pharmakobgie und Toxikologie, Freie Universitat 
Berlin, Berlin, Germany. 

As compared to standard glucocorticoids (GC), prednicarbate (PC) is favorable in the 
treatment of eczema due to its high benefit/risk ratio. The remarkable anti-inflammatory 
effects of PC are in strong contrast to its reported low glucocorticoid receptor (GR) 
binding affinity. In transfected COS-7 cells we related the transcriptional potencies of 
PQ its metabolites and conventional GC to their receptor binding properties. Moreover, 
the expression pattern of the human GR isoform hGRalpha and its mutual dominant 
negative inhibitor hGRbeta in skin cells have been investigated as well as the influence of 
hGRbeta on receptor binding and transactivation. hGRalpha mRNA and protein was 
largely overexpressed in skin cells. hGRbeta showed no influence on hGRalpha binding 
and transactivation. Concentration response curves indicated the greater transactivation 
potency of betamethasone 17- valerate followed by dexamethasone and prednisolone 17- 
ethylcarbonate. Native PC appeared almost as potent as dexamethasone. With both a 
strong correlation was observed between transactivation and GR binding. Copyright 2003 
S. Karger AG, Basel 
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Cell proliferation in human soft tissue tumors correlates with platelet- 
derived growth factor B chain expression: an immunohistochemical and in 
situ hybridization study. 

Wang J. Coltrera MP . Gown AM . 

Department of Pathology, University of Washington, Seattle 98 1 95 . 

The authors tested the hypothesis that the B chain of the platelet-derived growth factor 
(PDGF), a known connective tissue mitogen and growth factor, could be expressed by 
human soft tissue tumors, and that its expression could play a role in the control of cell 
proliferation in these tumors, Using a set of 56 soft tissue tumors, including benign 
tumors and all three grades of sarcomas, PDGF-B chain protein was localized using 
immunohistochemistry and PDGF-B mRNA was localized using in situ hybridization. 
The hypothesis that PDGF-B expression was related to cell proliferation was tested by 
simultaneously demonstrating the expression of the proliferating cell nuclear antigen in 
sequential tissue sections of the same tumors. Sixty and 82% of tumors had demonstrable 
PDGF-B mRNA and protein, respectively, with a strong correlation between their 
degrees of expression (P = 0.0001). Among the sarcomas, a strong correlation between 
PDGF-B expression and increasing malignant tumor grade (P = 0.006), and between 
PDGF-B expression and increasing proliferating cell nuclear antigen index (P = 0.01) 
was found. All tumors were also demonstrated to express the beta receptor of PDGF via 
immunohistochemistry. These studies suggest that PDGF-B expression may be an 
important mediator of cell proliferation control, via an autocrine mechanism, in human 
soft tissue tumors and may correlate with clinical outcome in the sarcomas. 
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Expression of cytokines and growth factors in human 
glomerulonephritides. 



Waldherr R Noronha IL. Niemir Z, Kruger C . Stein BL Stumm G . 
Department of Pathology, University of Heidelberg, Germany. 

Numerous experimental studies point to the potential role of cytokines and growth factors 
in the pathogenesis of renal disease* However, from the various autocrine and paracrine 
mediators identified in vitro and in animal models, so far only a few have been 
demonstrated in selected human glomerulopathies. We examined two types of 
glomerulonephritis (GN): extracapillary GN with anti-neutrophtl cytoplasmic 
autoantibodies (ANCA), an example of an acute form of GN, and mesangial IgA GN, 
usually a chronic form of GN, with inmumocytochemishy, in situ hybridization and the 
polymerase chain reaction. Normal renal tissue from tumour nephrectomies served as a 
control. In ANGA-positive GN with active renal lesions (crescents, glomerular and 
vascular necrosis), infiltrating mononuclear cells in glomeruli and in the interstitium 
expressed interleukin (IL>1 beta, tumour necrosis factor (TNF)-alpha, IL-2, interferon 
(IFN)-gamma, platelet-derived growth factor (PDGF) and transforming growth factor 
(TGF)-beta. Cytokine expression was also observed in activated resident cells, including . 
endothelial cells, capsular epithelial cells, smooth muscle cells of vessel walls, fibroblasts 
and some tubular epithelial cells. In addition, we noted an increase in the cytokine and 
growth factor receptors TNF-R, IL-1R type II, IL-2R, IFN-gamma R and PDGF beta-R^ 
In contrast, in mesangial IgA-GN, IL-1 beta, TNF-alpha, IFN-gamma and IL-2 were 
usually absent in glomeruli. Mesangial expansion in this disorder was accompanied by an 
increased expression of PDGF, PDGF beta-R, TGF-beta and IL-6 in mesangial areas. In 
both conditions 3 good correlation was observed between cytokine expression at the 
mRNA (in situ hybridization) and protein level (immunocytochemistry).(ABSTRACT 
TRUNCATED AT 250 WORDS) 
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Estrogen regulation of the cytochrome P450 3 A subfamily in humans. 



Williams ET . Lcvk ML Wrighton SA, Davies PJ . Loose PS, Shipley GL, Strobe! HW . 

Department of Biochemistry, Medical School, University of Texas Health Science Center 
at Houston, 643 1 Fannin, MSB 6.200, Houston, TX 77030, USA. 

This study examines the possible role of estrogen in regulating the expression of the 
human CYP3A subfamily: CYP3A4, CYP3A5, CYP3 A7, and CYP3A43. To accomplish 
this goal, mRNA was quantified from human livers and endometrial samples, and total 
CYP3 A protein levels were evaluated by Western imihunoblot analysis of the liver 
samples. The human endometrial samples were from premenopausal and postmenopausal 
women. The premenopausal endometrium was either in the proliferative or secretory 
phase, whereas for the postmenppausal endometrium samples, the women had been 
treated with either a placebo or estropipate, an estrogen substitute. After analyses, 
CYP3 A4 mRNA was shown to have lower hepatic expression in females than in males. 
In the endometrium, CYP3A4 and CYP3A43 are down-regulated by estrogen, whereas 
CYP3A5 is expressed at higher levels during the secretory phase. CYP3A7 was not 
detected in the endometrium. In addition, the CYP3A subfamily showed increased 
mRNA expression in the liver as age increased. The expression levels of total CYP3 A 
protein and total CYP3A mRNA showed good correlation. Despite apparent regulation of 
CYP3A4 mRNA expression by estrogen, the effects of estrogen may be overshadowed 
by additional regulators of gene expression. 
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Expression of superoxide dismutases, cataiase, and glutathione peroxidase 
in glioma cells. 

Zhong W , YanT, LjmR, Oberlev LW. 

cftyS^ ZsA* De P artment of Radiology, The University of Iowa, Iowa 

Four primary antioxidant enzymes were measured in both human and rat glioma cells. 
Both manganese-containing superoxide dismutase (MnSOD) and copper-zinc-containing 
superoxide dismutase (CuZnSOD) activities varied greatly among the different glioma 
cell lines. MnSOD was generally higher in human glioma cells than in rat glioma cells 
and relati vely higher than in other tumor types. High levels of MnSOD in human glioma 
cells were due to the high levels .of expression of MnSOD mRNA and protein. 
Heterogeneous expression of MnSOD was present in individual glioma cell lines and 
may be due to subpopulations or cells at different differentiation stages. Less difference 
in CuZnSOD, cataiase, or glutathione peroxide was found between human and rat glioma 
cells. The human glioma cell lines showed large differences in sensitivity to the 
glutathione modulating drugs 1,3-bis (2-chloroethyl)-l -nitrosourea (BCNU) and 
buthionine sulfoximine (BSO). A good correlation was found between sensitivity to 
BCNU and the activities of cataiase in these cell lines. Only one cell line was sensitive to 
BSO and this line had low CuZnSOD activity. 
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Modulation of the glutamatergic receptors (AMPA and NMD A) and of glutamate 
vesicular transporter 2 in the rat facial nucleus after axotomy. 

meor§JL, YassiasX Vidal PP. de Waele C . 

LNRS (CNRS^Paris V), ESA 7060, Centre Universitaire des Saints-Peres, 45 rue des Saints- 
Peres, 75270 Paris Cedex 06, France. 

Facial nerve axotomy is a good model for studying neuronal plasticity and regeneration in the 
peripheral nervous system. We investigated in the rat the effect of axotomy on the different 
subunits of excitatory glutamatergic AMPA (GLuRl-4), NMDA (NR1, NR2A-D) receptors, post- 
synaptic density 95, vesicular glutamate transporter 2, beta catenin and cadherin. mRN A levels 
and/or protein production were analyzed 1,3,8, 30 and 60 days after facial nerve axotomy by in 
situ hybridization and immunohistofluorescence. mRN As coding for the GLuR2-4, NR1, NR2A, 
B, D subunits of glutamatergic receptors and for post-synaptic density 95, were less abundant after 
axotomy. The decrease began as early as 1 or 3 days after axptomy; the mRNAs levels were 
lowest 8 days post-lesion, and returned to normal or near normal 60 days after the lesion. The 
NR2C subunit mRNAs were not detected in either lesioned or intact facial nuclei. 
Immunohistochemistry using specific antibodies against GLuR2-3 subunits and against NR1 
confirmed this down-regulation. There was also a large decrease in vesicular glutamate transporter 
2 immunostaining in the axotomized facial nuclei at early stages following facial nerve section. In 
contrast, no decrease of NR2A subunit and of post-synaptic density 95 could be detected at any 
time following the lesiorirbeta Catenin and cadherin immunoreactivity pattern changed around the 
cell body of facial motoneuron by day 3 after axotomy, and then, tends to recover at day post- 
lesion 60 days. Therefore, our results suggest a high correlation between restoration of 
nerve/muscle synaptic contact, synaptic structure and function in facial nuclei. To investigate the 
mechanisms involved in the change of expression of these proteins following axotomy, the facial 
nerve was perfused with tetrodotoxin for 8 days. The blockade of action potential significantly 
decreased GLuR2-3, NR1 and NR2A mRNAs in the ipsilateral facial nuclei. Thus, axotomy- 
induced changes in mRNA abundance seemed to depend partly on disruption of activity. 
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Intravitreal invading cells contribute to vitreal cytokine milieu in 
proliferative vitreoretinopathy. 

EI-Ghrablv IA, Dua HS. Orr GM. Fischer D. Tighe PJ 

Larry A Donoso Laboratory for Eye Research, Department of Ophthalmology, University 
ofNottingham, UK. J 

AIM: To examine the contribution of infiltrating cells in the local production of cytokines 
within the vitreous of patients with proliferative vitreoretinopathy (PVR) ; METHODS 
The presence ofmRNA coding for IL^6, IL^8, IL-lbeta, IL-1 alpha, TNFalpha, . .' 
IFNgamrna, IL-12, and HPRT was investigated in 25 vitreous samples from patients with 
PVR, 1 1 vitreous samples from patients with retinal detachment (RD) not complicated by 
PVR, and 10 vitreous samples from patients with macular hole (MH). A quantitative 
reverse transcriptase polymerase chain reaction (RT-PCR) using an internal competitor 
was used to investigate these samples. From these samples, 15 PVR, &RD, and 8 MH 
were analysed for the protein levels of the same cytokines using eniyme linked 
immunosorbent assay (ELISA). Spearman correlation was usedto test any association 
between mRNA and cytokine protein levelspas an indicator of the contribution these cells 
make to the intravitreal cytokine milieu. RESULTS: A strong correlation was found 
between mRNA and their respective cytokine levels (protein products) for IL-6, IL-8, IL- 
lbeta, IL-lalpha, TNFalpha, IFNgamrna (Spearman r = 0.83, 0.73, 0.67, 0.91, 6 73 and 
0.73 respectively), but not for IL-1 2. The median levels of IL-6, IL-8, IL-lbeta, and 
IFNgamrna mRNA and their respective cytokines were significantly higher (p <0.05) in 
patients with PVR than in those with macular" hole. There was no statistically significant 
difference in the median levels of IL-lalpha mRNA between PVR and MH but the 
cytokine IL-I alpha was detected at a significantly higher level in PVR compared with 
MH patients. Between PVR and RD patients, there was no statistically significant 
difference in mRNA levels for all the investigated cytokines (p >0.05) except for IL-6 
where there was a statistical significance (p= 0.038). In contrast, the median levels of IL- 
6, IL-8, and IL-lbeta cytokines were significantly higher (p <0.05) in patients with PVR 
than m those with RD, whereas for IL-1 alpha and IFNgamrna no significant statistical 
difference was detected between PVR and RD patients (p >0.05). When results of RD 
and MH patients were compared, a statistical difference was only detected in mRNA 
levels of INFgamma (p = 0.008). However, no difference was detected for INFgamma 
(protein product) or for any of the other cytokines between RD and MH patients 

CONCLUSION: Levels of both protein and mRl^A encoding IL-6, IL-8, IL-lbeta, and 
IFNgamrna is significantly increased in vitreous samples from patients with PVR The 
strong correlation between ELISA detectable cytokines (protein products) and their 
respective mRNA levels suggest that intravitreal, invasive cells are the major source of 
these cytokines, with the exception of IL-12. Cells invading the vitreous do not appear to 
locally produce IL-12 mRNA. This would appear to implicate cells peripheral to the 
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vitreal mass as the major source of this cytokine. 
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Pre-translational regulation of cytochrome P450 genes is responsible for 
cirrho^ IC ChangCS ° f lndiyid,,aI P450 enz y mes amon g Paints with 

GeorggJ, LiddjeC, Murray M , BghK, Farrell GC . 

We have recently reported that disease-specific differential alterations in the hepatic 
expresston of xenobwtic-metabolizing cytochrome P450 (CYP P450) enzymes occur in 

m CYP pro ems are modulated at pre- or pdst-translauorial levels, we have now exammed 
the hepatic levels ofmRNA for CYPs I A2, 2C9, 2E1 and 3A4 ^ solution hybriSon 
m the same livers of 20 controls (surgical waste from histologicaUy normal ST 

p?ta h ?^n 1IU,arand 18 ° f Ch0lestatic severe chr °™ "ver disease. CYPU2 
rnKNA and CYP1 A immunoreactive protein were both reduced in livers with 
hepatocellular and cholestatic types of cirrhosis. In contrast, CYP3A4 mRNA and protein 
were reduced only in liver, from patients with hepatocelluli disea^.^oTl te^3A4 
there were significant correlations between mRNA species and the respectiveprotein 

(r * £ 2 <: V> rS3A4 = 0M > p 0 - oooi >- cyp2c9 -rna wr^ln 

patients witii both cholestatic and hepatocellular type, ofliver disease, but 2C P rotl 

CY^Q~ IS m i ,ahentS Wlth Ch ° IeStatiC ^^on. The correlation between 
UYP2C^ mRNA and protem, was also significant (rs = 0.36, P < 0.005) but mRNA levels 
accounted for only 13 % of^^mtyin Vm t^r^i. This is probabryT 

antibody CYP2E1 mRNA and protein were reduced in patients with cholestatic liver 
disease, but in hepatocellular disease the expression of only CYP2E1 mRNA was 
decreased. CYP2E1 mRNA was significantly correlated with CYP2E1 protein but 
accounted far only 18% of the variability in protein rankings (rs = 0.43, P < 0 0005) 

mSotiz nfrw ^ ** tHe di ^ ease - s P^fic alterations of xenobiotic- 

metabolizmg CYP enzymes among patients with cirrhosis is due, at least in part, to pre- 
translauonal mechanisms. The lack of.a strong correlation between CYP2E1 mRNAand 

asweH T 57* ^ *" *** b * ***** to P-^tional 

as well as translational and/or post-translational regulation; 
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Human hepatic microsomal epoxide hydrolase: comparative analysis of 
polymorphic expression. J 

HaggettC, LiuJ, Carty_CL, Laurenzana F.M , Qmiecinski C.T 

^P^tment of Environmental Health, University of Washington, Seattle 98105-6099, 

SSS?S2Jf Variati ° n iD ^ ex P ression of h ™ microsomal epoxide hydrolase 
(mEH) may be an important risk factor forchemicaUy mduced toxicities includuTe 

ZZZt *? ^ StUdy ' Phen0t ^ ic Ability and mEH genetic 8 

polymorphisms were examined in a bank of 40 transplant-quality human liver samnles 

SsTweS^ 

a^sessS ™?„ J ^ ? VdS W6re eValuated ia P™ 11 * 1 Enzymatic activity was 
assessed using (+/-)-benzo[a]pyrerie-4,5-e P oxide at 2 substrate concentrations The 

correlated (r - 0.85> with results derived from limiting substrate concentrations and 
exhibit approximately an 8-fold range in activity levels across the panel of 4oTivT 
^Ples_ mEH enzyme activity also demonstrated strong correlatio^r" > or " 0 74 with 

ZlJ^ n de , termined for mE H P^ein content within the same sample! 

lZ7^A rr^u^ measureme ^ were poorly correlated (r < or^oS) with 
mEH RNA levels, wh,ch exhibited a 49-fold variation. Two common polymorphic aTno 

activity, although this conclusion is confounded by heterozygosity in the samnles These 
data demonstrate the extent of hepatic mEH functional variability m weTl!preZv^ 
human tissues and suggest that polymorphism of mEH protein expSn^Sed in 
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with favorable prognosis in colorectal carcinoma. correlated 
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c-fos and estrogen receptor gene expression pattern in the rat uterine 
epithelium during the estrous cycle. 

Mendo Za -Rodr,> ,,e7 CA Merchan t-Larios H Segura-Valder Mf . 
gndo^.CruzME.Artea ga-LopezP Camacho-Arrnvn T Dom in^W Cerbon 

Facultad dp Quimica, Universidad Nacioaal Autonoma de Mexico, Ciudad Universitaria. 
Coyoacan 04510, Mexico, D.F., Mexico. universitana, 

Different studies in oyariectomized estrogen treated animals support the idea that c-fos 

fo ™ * a ^ Pr ? life ;f 0n ° f Uterine e P itheliaI «*■• H*w*L. these studS invhe us 
to reassess the role played by c-fos in epithelial cell types of the endometrium during the 
estrous cycle The present study was undertaken to determine the c-fos and estrogS 
receptor (ER) gene expression pattern in the rat uterine epithelium during the estrous 
cycle in whiehnatural and cyclic changes of steroid hormones occur, and correlate these 
changes with the proliferation status of this cellular types. Proliferation was assessed 
during the estrous cycle using bromodeoxyuridine incorporation to DNA. ERalpha and 
beta proteins were assessed by immunohistochemistry. The regulation of c-fos gene 

both n situ hybridization and immunohistochemistry. Estradiol (E(2)) and progesterone 
ni7nl?nm If W ff aSSCSSed by ^io^woassay. The results indicated that 
mS, f ii and / 1 f ndular ^elia (GE) presented maximal proliferation during the 
metestrus (M and the diestrus <p) days. However, during the proestrus (P) day only LB 
S r hferat < on > .^/"ring the estrus (E) day only the stromal cells' proliferated 
A marked immunostammg for ERalpha was detected in both LE and GE cells during the 
early phases of the cycle but diminished on the P and the E day. In contrast, ERbeta was 
undetectable in both epithelia during all stages of the cycle. The highest c-fos mRNA 

duZJZ T tS ? m b f? e P ithelia on me M day, followed by a significant reduction 
dunng the other days of the cycle. The highest protein content was observed on the M 
and D days, and the minimal value was detected on the E day. The c-Fos protein level in 
LE was mcreased during M and D days, presenting a high correlation with the cellular 
prohferation pattern of this cell type. In conclusion, the overall results indicate that c-Fos 
protem presented a good correlation with uterine epithelial cell proliferation of LE. In the 

r tendenc y was observed, although no significant correlation was 

found. Both ,n LE and GE, c-fos mRNA did not strictly correlate with its protein levels 
c-ros seems to have a postranscriptional regulation in uterine epithelial cells during the * 
rat s estrous cycle. Copyright 2003 Wiley-Liss, Inc. 
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Differential expression of heat shock protein 70 in well healing and chronic 
human wound tissue. 

Oberringer M, Banmjff, JungV, WejterC, Frank J, Kuhlmann M Mntohkv w 
Hanselmann RG . : ~ * 

Department of Traumatology, Univereity of Saarland, Germany. 

Heat shock protein 70 (hsp 70) is an important member of the heat shock protein family 
which is induced by different forms of stress. We attempted to find out if hsp 70 is also 
involved m wound healing, which likewise resembles a stress situation for celis too 
Therefore we collected tissue samples from well healing and chronic human wound 
tissue. We used Northern- and Western-blot analysis to study the expression of hsp 70 At 
- the protein level we found a strong correlation between well healing wounds and high 
expression of hsp 70, whereas chronic wounds showed no or weak expression 
Interestingly hsp 70 mRNA did not show this significant correlation, displaying a variant 
expression pattern in the same kind of wound tissue, possibly due to unknown 
posttianscriptional regulating step, which has to be investigated in further studies To 
localize hsp 70 mRNA and protein was used insitu hybridization and 
immunohistochemistry.;Both displayed an overexpression in endothelial cells of capillary 
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Cell localization and regulation of expression of cytochrome P450 lAland 

hvh « g 3 ?? r induction with 3-methyIcIiolanthrene using mRNA 
hybridization and unmunohistochemistry. 

INSERM Unite 139, Hopital Henri Mondor, Creteil, France. 

In order to characterize the response of various pulmonary cell types to polycyclic 
aroma .c hydrocarbons, ±e expression of cytochrome P450(CYP) 1A1 and2Bl mRNA 
in the lung of rats, w.th or without induction by 3-memylchoIanthrene (3MCj waT 
analyzed by in situ hybridization using appropriate 3 5S-labeied riboprobes The 
expression of me corresponding proteins was investigated immunohistochemically 

between Clara cells and type II pneumocytes and venous endothelial cells. In Clara^eUs 
mRNA expression was detected as early as 1 h after induction, peaked bctwlnTan^ h 

^oT Ple SZ detCCtable * H h - IO °"*»*- venous^dofhelial^S^^ H 
pneumocyte, exhibited permanent mRNA expression of CYP 1 Al in 3MC- P retreated 

or£l ^ ° T US e ? Ma ^ StliIdng ° f tH*W«S mRNAand 

protein exprasjon observed in Clara cells 24 h after the end of the induction protocol^ 
&ese ^cells exhibited intense protein expression with no mRNA. In contrast, a goM 
correlation was observed for mRNA and protein expression of CYP 2B1 with similar 

f£?£X ^ariy di Stlfguished th6 regulation of CYp 1A1 ion ^ ft 

£h m ^ ,iVen 1116 diffe ™«* observed in the various lung cell 

types whatever the post-transcriptional mechanisms involved, emphasize that studies 
must be performed at the cellular level in order to understand die specific Spo^e to 
xenob.oucs, not only of this organ as a whole but also of its various anatomT^Sres. 
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